





Sanitary District, 
Chicago—North 
Side Plant 


Photo by Chicago 
Aerial Survey Co. 
Twenty of the thirty 
77 ft. Dorr Clarifiers 
to be used for sedi- 
mentation after aera- 
tion, can be seen in 
this aerial photograph. 


More Dorr Equipment Added to the 
Largest Sewage Disposal Plant in the World 


HE Sanitary District of Chicago has, se- maximum operating flexibility as regards re- 
lected Eight 80-ft. Dorr Hydroseparators movals of settleable solids and will provide for 


removal of grease, oil and other floating solids 


as pre-sedimentation units in the North Side Ae Se 
by skimming, if required. 


Sewage disposal plant, which is the largest 


activated sludge plant in the world. The greater removals previous to aeration will 


materially lower operating costs for the entire 
This hydroseparator installation will insure plant because of lower air consumption. 


Write for details 


THE DORR COMPANY 


247 Park Avenue New York City all DORR equipment. 
Denver 1008 [7th St. London, 16 South St.EC.2 
Chicago, 310 South Michigan Ave. Wilkes-Barre, 536 Miners’ Bank Bidg, Los Angeles,108 West 6tn St. 
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When 


first casts its shadow on the streets of a city, 
it signifies a new era of clean streets and gutters 
and indicates a progressive civic administration. 
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An Austin at work on the streets a Milwaukee. 


The quick acceptance of improved methods 
of maintenance make American cities the 
cleanest and most sanitary in the world. 
One hundred and eleven dustlessly Austin 
swept cities now stand out as the highest 
examples. This Austin Motor Sweeper 
sprinkles to lay the dust, brushes the street, 
including the gutters, and carries the pickup 
to the dump to be carried away. 
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The Austin Western Road Machinery Company 


Street Cleaning, Roadmaking, Rockcrushing, Earth Handling Machinery 
400 N. MICHIGAN AVENUE CHICAGO, ILL. 
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Street Railway Pavements in 
Denver 





Stone block being replaced with concrete, with and without headers along 


the rails. 


Details of concrete construction. 


Use of construction trains 


prevents obstruction of streets during laying of pavement. 





By Ivan E. Houk 


Street railway pavements in Denver are con- 
structed by force account, by the Denver Tram- 
way Corporation, the corporation which owns 
and operates Denver’s street railway lines. The 
total length of paved track in Denver today, re- 


duced to a single track basis, is a little more . 


than seventy miles, approximately thirty-six per 
cent of the total street mileage within the city 
limits. Since nearly all of the paved stretches are 
double track the equivalent street length is about 
forty miles. 

The tramway company’s franchise requires 
them to pay for paving the space between the 
rails and two feet outside each rail; a total width 
of 7.9 feet for each track in nearly all instances, 
since the system is mostly narrow gauge con- 
struction. Pavement wide enough for stand- 
ard gauge construction is required only where 
the track is used jointly with the Denver and 
Interurban Railway Company. However, the 
tramway company with its own forces, paves a 
width of only 6.4 feet, 15 inches outside each 
rail, leaving 9 inches on each side to be paved 
by the city’s contractor at the time of paving 
the dummy and the shoulders. These 9-inch 
strips are paved with the same materials as the 
dummy and the shoulders, generally concrete in 
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K PAVEMENT AT BLAKE 
ND 18TH STREETS. 








the dummy and sheet asphalt on a black base 
between the rails and the curbs. The cost of 
paving these 9-inch strips is billed to the tram- 
way company by the city and paid for in cash. 

Two general types of pavement have been con- 
structed; namely, stone block and concrete. 
While some red sandstone block pavements have 
been built by the tramway company, most of 
their stone block pavements were laid with 
basalt block from quarries near Golden, Colo- 
rado, fifteen miles west of Denver. Stone block 
was used in the greater number of the earlier 
pavements, although some concrete was laid as 
early as 1901. Concrete has been the more usual 
type constructed since about 1907, and is now the 
standard adopted by the company, stone block 
being used only in repair work, or in occasional 
special instances. 

It is interesting to note that the city of Den- 
ver has a total of 147,200 square yards of stone 
block pavements, including areas in the dummy 
and on;the shoulders as well as streets con- 
taining no street railway tracks. The greater 
part of the stone block pavements constructed 
by the city have been laid with red sandstone 
block from quarries near Lyons, Colorado, fifty 
miles northwest of Denver. The city officials 











FIG. 2——-STONE BLOCKS LAID ALONG RAILS, WITH 


CONCRETE PAVEMENT BETWEEN RAILS 
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find that the basalt block have a tendency to 
polish unger traffic, so that they become slip- 
pery. No new stone block pavements have been 
built since 1915. 

From the standpoint of the city the stone block 
pavements have been satisfactory as regards 
both wear and low maintenance cost. However, 
the tramway company has found a considerable 
amount of maintenance necessary due to heav- 
ing of the block along the rails. Figure 1, a 
view of the intersection of Blake and 18th 
Streets, looking southeast on 18th Street, shows 
a typical red sandstone pavement in the older 
section of the business district. This pavement 
was originally constructed in 1892, although the 
street railway track was not laid until 1907. In 
the original construction the block were laid 
on a 2-inch sand cushion, spread over a 6-inch 
base course of 1-3-6, natural cement concrete. 
Joints between the block were filled with grout. 
This was the usual method of laying the stone 
block pavements except that Portland cement 
was used in later construction; also a l-inch sand 
cushion was sometimes used instead of the 2- 
inch cushion. The picture shows that the block 
were laid diagonally in the dummy and outside the 
track, but transversely within the track. Be- 
yond the intersection all block were laid trans- 
versely. The pavement is in good condition de- 
spite its 33 years of service on the shoulders and 
in the dummy, and its 18 years of service in the 
car tracks. 

When the tramway company first began us- 
ing concrete in their pavement construction they 
laid a row of stone block along the inside of each 
rail, to act as a header or flangeway, and also to 
permit access to the joints; and then poured the 
concrete between these headers. They also laid 
rows of stone block transversely, at intervals 
of from ten to fifteen feet, to serve as expansion 
joints. Figure 2, a view of 16th Street near 
Glenarm Place, shows this type of construction. 
The stone block headers, or flangeways, have not 


badd “ 
65 Rail Welded Joint fish bar 1x24 


Mea: toa, 











f| Pit, ron| gravel 32.}is. 

















2-0" 2-0" 

















Longitudinal Section 
































Surface |;:" 
Sub Gradey 














Transverse Section 


FIG. 3—DENVER TRAMWAY COMPANY’S STANDARD 
TRACK CONSTRUCTION IN HARD SURFACED STREETS, 
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proven undesirable from the standpoint of auto- 
mobile traffic; but the transverse rows of block 
have proven very unsatisfactory. They wear down 
faster than the concrete, causing depressions in 
the surface which produce noticeable jars as the 
automobile wheels pass over them. 

The principal advantage of the stone block 
pavements over concrete—accessibility of the 
rail joints—became of minor importance when 
the practice of welding the rails together was 
instituted. This, together with the facts that 
concrete is less expensive than stone block, that 
it is smoother and consequently less noisy, and 
that it is free from the objectionable, wide, filth- 
collecting joints, have lead to the adoption of 
concrete as a standard. Today the concrete mile- 
age comprises a large percentage of the total 
length of paved track within the city limits. 

While the company varies the details of con- 
struction at times to meet particular problems, 
the standard cross section being used on most 
work is a two-course, monolithic slab, 9 inches 
deep, laid on a 9-inch foundation of tamped, pit- 
run gravel. Figure 3 shows the detailed design. 
The lower, or base, course is 5 inches thick, and 
is mixed in the proportions 1-3-6, using a 
screened gravel aggregate. Sometimes old pav- 
ing blocks which are too badly worn to be re- 
laid are placed in the base course, between the 
ties, to cut down the quantity of concrete needed 


-as well as to dispose of the old block. The upper, 


or wearing, course is 4 inches thick, and is mixed 
in the proportions 1-2-3144, using a crushed basalt 
aggregate. The pavement is poured in sections 
about twenty feet long, so that the top course 
is deposited before the base course has attained 
its initial set, thus forming a monolithic slab. 
This type of construction has been found very 
satisfactory. 

No reinforcement is used, and no transverse 
expansion joints are provided. The track con- 
struction tends to prevent the formation of wide 
cracks. Sixty-five pound rails are used in the 
standard construction. These are spiked to dip 
treated ties, 6 inches by 8 inches by 6 feet 6 
inches in size, spaced 24 inches on centers. Tie 
plates are used to reduce tie wear and to lock 
the rail more securely to the ties. Expansion 
joints are placed along the edges of the track 
pavement on the dummy side, when the dummy 
is paved with concrete, more to act as cushions 
and to permit vertical vibration of the track 
slab, than to allow horizontal expansion and con- 
traction. Transverse expansion joints are fre- 
quently used in the dummy when it is paved with 
concrete. Figure 4‘shows this type of constric- 
tion on Downing Street, a few blocks south of 
Cherry Creek. 

A small concrete mixer and a small gang are 
used sometimes in paving odd jobs, like strect 
intersections which are frequently paved under 
car traffic. However, most of the pavement 
work is done with an unusually efficient equip- 
ment consisting of a mixer mounted on car 
wheels, which can be moved along the track 
ahead of the concrete as the pavement is con- 
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FIG. 4—CONCRETE PAVEMENT ON DOWNING STREET. 


structed; and supply trains carrying ore dump 
cars filled with aggregate at a central plant. 
Figure 5 shows this outfit at work. Four supply 








WORKS 389 
crete. The central plant is arranged so that trains 
are run under the bins and the dump cars loaded 
from above. Sacks of cement are placed on top 
of the dump cars as the train passes out from 
under the supply bins. However, the cement is 
not dumped out of the sacks until the job is 
reached. The dump cars are kept on two of the 
three tracks with which the flat cars are 
equipped, while being loaded and while in transit, 
so that the third will be ready to receive the 
empty cars without delay, as soon as their loads 
are dumped into the mixer skip. 

The crew consists of about 15 men, exclusive 
of the foreman and motorman. Three laborers 
handle the work on the flat car; two men run the 
mixer, one man operating the skip while the 





FIG. 5—THE DENVER TRAMWAY COMPANY’S CONCRETE TRAIN AT WORK. 


trains are used in most cases, although some- 
times, when the distance from the plant to the 
job is unusually short, a smaller number can 
keep the mixer working. 
Four trains are able to keep 
the mixer busy when the job 
is not more than about four 
miles from the central plant. 
One train is supplying the 
mixing operations on the job, 
while a second is being loaded 
at the plant, the third and 
fourth trains being en route 
to and from the job. Each 
train consists of a motor car, 
to furnish the required motive 
power, and 4a flat car, equipped 
with three tracks, carrying 16 
ore dump cars of 13 cubic 
feet capacity, each dump car 
being filled with a sufficient 
amount of coarse and fine 
aggregate to make a one- 
third cubic yard batch of con- 








other handles the water valves and dumps the 
concrete; six men rough spade the concrete into 
position and do miscellaneous odd jobs; and four 
men do the finishing. Figure 6 shows the gang 





FIG. 6—STREET RAILWAY PAVING GANG AT WORK ON COLORADO 


BOULEVARD. 
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at work on Colorado Boulevard, one of the city’s 
most heavily travelled boulevards. 

An electrically operated tamper finishes the 
top course roughly, tamping the concrete be- 
tween the ties and bringing the surface between 
the rails to a level with the tops of the rails. The 
surfaces outside the rails are made to conform 
with the adjacent street paving which is gen- 
erally about 3/16 of an inch below the tops of 
the rails. The tamper also cuts grooves along 
the insides of the rails, to make room for the car. 
wheels. Hand finishers remove the grout which 
collects in the grooves, and trowel the entire 
pavement surface twice. After the concrete has 
reached its initial set it is roughened slightly by 
brooming, and covered with about two inches of 
earth. It is then ponded for several days so that 
it will cure properly. Figure 7 shows the newly 
constructed pavement on Colorado Boulevard 
being covered with earth. 

Ordinarily the pavement is allowed to cure 
ten days before being opened to traffic. How- 
ever, in some cases calcium chloride, in the pro- 
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dwellers to the rural finance problem; to in- 
vestigate the problems of city street, fittatice: in- 
cluding the financial problems off coristruction, 
maintenance and widening of city streets; and'to 
study the financial aspects of city traffic contgol. 

The report on this investigation will be-pre- 
sented at the Fifth Annual Meeting of the High- 
way Research Board to be held in Washington, 
D. C., on December 3 and 4, 1925. 





Equipment for Refuse 


Collection 


Motor equipment used in Chicago by 

municipal forces and in Kansas City by 

private contractor. Latter believes 

horse-drawn trailers during collection 
more economical. 








At the convention last month of the American 
Society for Municipal Improvements three 
papers were presented under 








FIG. 7—COVERING. A. NEWLY _ CONSTRUCTED. CONCRETE PAVEMENT 
WITH EARTH 


portions 34 pound of chloride to each sack of 
cement, is added to the concrete to hasten the 
setting. In such cases the pavement is opened 
to traffic in five days. The calcium chloride is 
dissolved in large vats at the central plant, 
hauled to the job on the concrete train, and added 
to the concrete during the mixing operations. 

This construction costs:the tramway company 
approximately $2.25 a square yard, exclusive of 
ballasting and track construction. The work 
can be carried on without blocking more than 
half the street at a time, since it is not neces- 
sary to dump materials in the roadway. 

The foregoing information has been obtained 
through the courtesy of Nelson R. Love, chief 
engineer of the Denver Tramway Company, and 
A. K. Vickery, city engineer. 


Urban Highway Finance 


An investigation of this subject has been 
begun by the Highway Research Board of the 
National Research Council, with Jacob Viner, 
Professor of Government Finance at the Uni- 
versity of Chicago, in charge. The objects of 
this study are: to determine the relation of city 





the general heading “Equip- 
ment for* the Collection of 
Garbage and Other Refuse 
Materials,” “the authors be- 
ing W. J. Gallagan, assistant 
superintendent of streets of 
Chicago; Paul Patton, a con- 
tractor of Kansas City, Mo., 
and R. E. Stoelting, commis- 
sioner of public works of 
Milwaukee, Wis. 

Mr. Gallagan was prevent- 
ed by sickness from being 
present to discuss the sub- 
ject, but sent on a bitief ab- 
stract of the inférmation 
which he had to give. Be- 
ginning with a resume of Chicago’s experience in 
collection, Mr. Gallagan said: 

“There is, perhaps, no kind of municipal equip- 
ment which affords a wider variety of types 
than those used by the different cities for the 
collection of household waste. Like the methods 
employed in the final disposition of the waste 
itself, the style of the equipment in use for col- 
lecting and hauling seems to have received little 
study and scant attention. Apparently, each 
city has been content with its own particular 
type, making little effort to improve it. 

“In 1905, when the City of Chicago entered 
into a contract for the disposal of its garbage 
by the reduction method, it became necessary to 
separate garbage from other household refuse, 
and a type of garbage wagon was adopted con- 
sisting of the ordinary wagon running gear with 
a steel, water-tight box of four cubic yards’ 
capacity, with six steel sectional covers, the 
theory being the concealment of five-sixths of 
the load during the loading operation. These 
tanks can be removed from the wagon bed at 
the reduction plant or loading stations and 
empty ones substituted. This same type of 
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wagon is still in use, the equipment being owned 
by the city. 

“Chicago’s ashes and miscellaneous wastes 
have been hauled for many years in wooden 
wagons of special design of five cubic yards’ 
capacity. Of late years, five-ton auto trucks of 
eight cubic yards’ capacity have been employed 
also. The wagons are the property of individual 
owners, as are the trucks. Wagons with driver 
receive $11 a day, while trucks receive $27.50.” 

Mr. Gallagan then told briefly of the acquisi- 
tion by Chicago of the motor equipment which 
was described in our issues of November and 
December, 1924, pages 335 and 378. This equip- 
ment included 33 tractors and 213 trailers. Con- 
cerning the results obtained by this motor equip- 
ment Mr. Gallagan said: “Our records show that 
for the first eight months of 1925, we saved 
$300,152.32 over the same period in 1924 when 
the work was being done by wagons and trucks. 
Based upon the test of the past year with 33 
tractors and 213 trailers, the city officials and 
engineers estimate that 142 tractors and 1,020 
trailers are needed to cover the area within the 
city limits. The cost of these vehicles is placed 
at $2,432,000. Supplementing them, the city 
would still employ 452 teams to collect from 
the unimproved alleys of the city. With that 
equipment, it is estimated that a large saving 
would be effected. 

“Last year the collection of ashes and refuse 
cost $2,570,190 and the hauling of garbage, $638,- 
125—a total of $3,208,313. It is estimated that 
the same service in quantity but considerably 
better in character could have been rendered 
by the tractors and trailers for $2,490,810, there- 
by effecting a saving of $717,503. From this 
estimated annual saving of $717,503 alone all the 
tractors and trailers required could be paid for 
in about three years.” 


BY PAUL PATTON 


The discussion by Paul Patton, hauling con- 
tractor of Kansas City, Mo. (the Kansas City 
Collection Company) was as follows: 

If time permitted us to make a comparison of 
operating costs of the different systems in vogue, 
we might make a study of statistical data on each 
system and thus arrive at some conclusion. It 
does not permit, however, even an enumeration 
of details, much less a comparative discussion 
of advantages or disadvantages of the different 
systems. 

There are four general systems in vogue for 
collecting municipal refuse. 

I. All horse-drawn wagons. 

IT. All motor trucks. 

III. A combination of horse-drawn wagons 
and motor trucks. 

IV. Trailers pulled by horses while collecting 
and by tractors while transporting garbage from 
route to disposal point. 

The collection of municipal refuse divides it- 
self into two distinct parts. 

I. The actual picking up of the material and 
placing it within the collection vehicle. 

II. The transportation of the loaded vehicle 
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from the area where the ‘collection is made to 
the point where the vehicle is unloaded. 
The first part of the entire operation is desig- 


9 


nated “primary collection.” ‘The second part of 
the operation is “transportation.” The “primary 
collection” is concerned solely with a house to 
house service within the limited area usually 
assigned to two men. The transportation part 
of the operation may be a large part of it, or 
it may be a small part, depending upon whether 
the collection area is adjacent to, or a long dis- 
tance away from, the point where the vehicle 
of the primary collection is unloaded. 

The writer has been engaged in the transpor- 
tation business for the past fifteen years. He 
believes that the tendency of the average buyer 
of motor trucks is to under-estimate rather 
than accurately estimate the expense of operat- 
ing these trucks. This is especially: true unless 
the truck is handled and cared for carefully. 
The parts of its machinery are necessarily small. 
Some of these parts operate at very high speed; 
they must fit with great accuracy, and clear- 
ance of one thousandth of an inch is the usual 
maximum allowance. The truck operates over 
all sorts of roads and under all sorts of condi- 
tions. It is usually driven by a man of no 
mechanical ability or mechanical experience, and 
of indifferent character. I believe that, unless 
the truck is guarded and protected by the driver 
and unless it receives the proper inspection and 
maintenance, the upkeep and depreciation make 
it more expensive than the average buyer be- 
lieves it to be. To this must be added the fact 
that municipal management usually does not 
make for economy as does private management. 

The horse and the motor truck, if rightly 
studied, are not competitors. The horse has a 
field into which, with economy, the motor truck 
cannot go. The motor truck has a field that the 
horse cannot invade. The advantage of the truck 
is in its speed, and in order to develop this ad- 
vantage, the truck must be kept in motion a 
large percentage of the time it is working. 
Under conditions where the total mileage cov- 
ered by a truck in a day is small, the horse is 
more economical than the truck. It is also true, 
however, that where the mileage is great the 
truck, on account of its speed, can do things 
that a horse cannot possibly do, and do these 
things more economically. To illustrate, a house- 
to-house delivery of milk or ice by motor truck 
seems to me to be an economic waste. On the 
other hand, the suburban collection of milk or 
the hauling of ice from a central manufacturing 
plant to distributing stations can be done more 
economically with trucks than with horses. 

In Kansas City we have been collecting gar- 
bage with light trucks entirely. No horses what- 
ever are employed. Our collection figures are 
by no means based upon as much data as I would 
like to have for them, but from the best informa- 
tion we can gather, the actual distance travelled 
per day in an area of an average density of 
population, to collect three tons of garbage on 
a basis of two collections per week in the months 
of July and August, will not exceed ten miles. 
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Our average haul will very closely approximate 
ten miles round trip. In other words, our trucks 
working ten hours per day travel ten miles ac- 
tually picking up garbage, and twenty miles 
transporting the garbage to the point of dis- 
posal. Our figures show that approximately 
seven hours is consumed in actual collection and 
three hours in transportation. In other words, 
the collecting vehicle travels ten miles in seven 
hours and twenty miles in three hours; or dur- 
ing collection it travels at the rate of one and 
two-fifths miles per hour, and during transpor- 
tation at the rate of six and two-thirds miles 
per hour. A motor truck operating under a con- 
dition where it only travels ten miles in seven 
hours is an expensive system; but at the same 
time, if we were using horses for collection, we 
could not handle the transportation end of the 
entire operation. This I believe explains why 
the motor truck and the horse working in con- 
junction give the most economical collection. 

If now we revert to the two distinct parts of 
the collecting operation, we immediately see that 
motive power of widely varying kinds can, under 
the usual conditions, be operated most eco- 
nomically and the problem therefore reduces it- 
self to some combination that will introduce the 
advantages of both the horse and the motor 
truck. This can be done with a vehicle so con- 
structed that it may be pulled by horses and also 
pulled at motor truck speed. The ability of 
this vehicle to meet these requirements means 
that it must have four wheels, must be equipped 
with rubber tires, must have high speed bear- 
ings, must be made out of first class materials 
and so constructed throughout that it will with- 
stand the speed of the motor truck. The four- 
wheel trailer seems to fit best into this place 
and affords a vehicle that makes possible the 
utilization of the advantages of the horse as 
well as of the motor truck. 

I believe that such trailers drawn by horses 
during the period of primary collection and by 
motor truck when transporting the garbage 
from the collection route to the disposal point 
are the most economical combination. Any student 
whe is familiar with transportation costs can 
develop these figures, and if he will do so, he 
will observe that a first class trailer pulled by 
horses will collect garbage and refuse from as 
many points as a horse-drawn wagon at prac- 
tically the same cost per ton as wagons, and 
at the same time the cost of transporting the 
garbage or refuse from the route to the point of 
disposal will be greatly reduced by using a motor 
truck. 

It is undoubtedly true, however, that the suc- 
cess of this system requires a more finely bal- 
anced organization, more attention to details and 
time factors, than any other system. Routes 
must be properly worked out over the entire 
collection area so that tractors can deliver empty 
trailers and pick up loaded trailers on schedule. 
Every part of the collection organization must 
function perfectly if delays are to be avoided. 
This is possible. I know of one city where the 
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routes are balanced so that a close schedule is 
maintained and if there is a delay of more than 
five minutes by either trailers or tractor at the 
point of meeting, an investigation is made. 
Routes must be grouped and their sizes regu- 
lated so that collectors can meet at convenient 
points and the whole organization must func- 
tion together. If it does not so function, much 
time will be lost through the delay in picking 
up the loaded trailers and delivering the empty 
ones. 

It is fundamental to the success of this scheme 
that the public official in charge of the garbage 
and refuse collection and his subordinates must 
be actuated by ideals of efficiency and a desire 
solely to carry on the operation as it would be 
carried on by any well managed private corpora- 
tion. This ideal is not always existent because 
the stimulating motive of self-interest is some- 
times on the other side. However, the ideal is 
capable of realization and if it is realized, then 
the costs of collection is less and the service 
given is better than where collection and trans- 
portation are performed with the same motive 
power. 





Fitchburg Public Works Notes 

In the latest report of the commissioner of 
public works of Fitchburg, Mass., David A. Hart- 
well, appear several items that may be of interest 
to officials in other cities. 

In referring to sidewalk maintenance, the ad- 
vantage of more rapidly resurfacing old side- 
walks is emphasized, one argument being that “it 
is more satisfactory to use money on repairs and 
not on settlement of damage claims”; although 
no large payments for such claims had been 
made during the previous year. 

Although Fitchburg is not one of the larger 
cities of the country, its expenses for keeping 
the main thorofares clean of snow reaches a 
material sum, the average expense each year 
for the last three having been about $30,000. 
During the year prior to the report a Holt 10- 
ton tractor and Sargent plow were purchased at 
a cost of about $8,300, and it was thought prob- 
able that seme kind of loading machine for re- 
moving the snow would be necessary to supple- 
ment these, which only pushed it to one side of 
the roadway. 

The collection of ashes and rubbish increases 
a little each year, the cost recently having been 
about 45 cents per capita, which is considered 
very reasonable. This covers the collection of 
household rubbish and ashes, including store 
ashes but not commercial rubbish. 

Parts of two streets were repaved with the 
stone blocks with which the street had been 
paved originally, the blocks being removed to 
vacant lots and recut to blocks 6 inches to 10 
inches long, 3% to 4% inches wide and 
4% to 5% inches deep. The original gravel base 
was excavated and a cement concrete base 5 
inches thick was laid. The recut blocks were 
laid on this base with a sand bed and the joints 
filled with cement grout. Four thousand and 
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twenty-eight square yards of this work on one 
street cost $3.48 per square yard, and 8,645 sq. 
yds. on another street cost $3.55 per square yard. 
The cost of recutting the blocks was 74 cents 
a square yard, which is 51 cents less than similar 
work had cost a year previous. 

In reporting on the water supply, Mr. Hart- 
well states that, when full, the’ city’s reservoirs 
have a combined capacity of about 2,000 million 
gallons and in a series of dry years would 
theoretically furnish the present consumption; 
but unfortunately the greatest reserve capacity 
is connected with the city by a pipe line which 
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can carry only about one-half of the daily con- 
sumption. This condition of course is one which 
he recommends should be remedied as soon as 
possible. 

The hydrants throughout the city were painted 
last year, the body of all hydrants being painted 
yellow, while tops of the low-service hydrants 
were painted black and those of the high-service 
hydrants were painted red. The city usually has 
made contracts for its cast-iron water pipe in 
December or January at a price $5 to $10 less 
than if the purchase were made during the spring 
or summer. 





Shockoe Creek Sewer, Richmond, Virginia 





To carry run-off from greatest rainfall in a fifty-year period, to avoid 


payment of additional damages. 
business section. 


Special drain, with automatic pump, for 
Invert lined with vitrified blocks. 





By George H. Shaw, M.Am. Soc. C.E. 


The City of Richmond, Va., is constructing a 
sewer at the present time to take the flow of 
Shockoe creek, which, because of its unusually 
large size, the use of vitrified clay liner plates 
for lining the invert, and the provision made 
for disposing of drainage in the central business 
district during the floods, is of special interest 
to sewer engineers. 

The lower end of Shockoe creek has in recent 
years been subject to extremely destructive 
floods. These floods usually occurred during 
July, August and September and on one occa- 
sion the water was four to five feet deep on sev- 
eral of the main streets of the city, with a cur- 
rent as high as eight feet per second, causing 
ever one-half million dollars’ worth of damage 
to property. 

The first damage suit, brought in 1915, was 
carried through the courts and the lower courts 
awarded damages on the contention that the 
city was liable because of increased imtensity 
of run-off due to street and sewer improvements 
further up on the water shed of the ereek, which 
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decision was sustained by the Superior Court 
of Virginia. Subsequent damage suits were 
settled out of court and up to the present time 
nearly one millidn dollars has been paid for 
flood damages. These conditions made it impera- 
tive that a combined sewer large enough to take 
the entire stream flow and sewage discharge 
from the Shockoe creek drainage area be con- 
structed to prevent further property damage. 

In preparing the design of the sewer an ex- 
tensive study of flood flows in Richmond and 
other cities was made by the Department of 
Public Works and it was decided to provide for 
10,250 c.f.s. as the combined capacity of the 
double conduits at the lewer end of the sewer. 
This is based on the run-eff to be expected from 
a storm occurring once in 50 years, assumimg 
the water shed of the creek, which is 11% square 
miles in area, eompletely improved. 

Studies of the eress-section of the sewer se- 
sulted in the adoption of a reinfereed conerete 
arch section 29-0” x 16’-3” for the maximum 
arch section, which is 2,400 feet long; a slightly 
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FIG. 1—GENERAL PLAN OF SEWERS IN SHOCKOE CREEK PROJECT 
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wearing surface and resist 
erosion. The liner plates 
used are 9” x 18”, 14” 
thick, with scorings on the 
back %” in depth to key 
them into the 4” mortar 
bed in which they are set. 
Their use offers the advan- 
tages of a material saving 
in cost and_ increased 
smoothness of surface, with 
ample strength and hard- 
ness to resist impact and 
wear. They were furnished 
by the Nelsonville Brick 
Company of Columbus, 

In adopting this use of 
liner plates the engineers 








took advantage of experi- 








—* ence had with such con- 








CROSS-SECTION OF 29 FT. BY 16 FT. 3 IN. 


smaller similar section 27’ x 15’ for 5100 feet, and 
a similar section 1814 x 10% feet 1400 feet long 
for the Mill street section of the sewer. The 
project also includes 1600 feet of 15’ x 9 rein- 
forced concrete arch section and 200 feet of 60” 
reintorced concrete circular section. 

In addition to the above, a box section 17’ x 11’ 
9” to provide for the drainage of the central 
business section, about 55 acres in extent, is 
being built. This sewer branches off from the 
main sewer a short distance below Broad street 
and extends to the James river, as shown in 
Figure 1, a distance of 2250 feet. When a flood 
occurs, gates at both ends of this section are 
closed and by means of electrically operated 
pumps the street drainage and sanitary sewage 
from this low-lying district, where the great- 
est flood damage occurred, will be pumped over 
the levee into the river. 

It will be noted from the illustration that the 
reinforced arch section adopted has an invert of 
greater thickness than is usual in arch sections. 
This is due to the great width of the sewer com- 
pared with its height, made necessary by the 
restricted available head-room. This results in 
a large inclined thrust re- 


struction in the Penny- 
packer Creek interceptor, 
Philadelphia, Pa., and in the Rutland Road and 
Dummont Avenue sewers, Brooklyn, N. Y. 

The total estimated cost of the sewer is three 
million dollars. Part of the construction work, 
amounting to an expenditure of about $350,000, 
was done by the city forces; and in August, 1924, 
contracts for the remainder of the work were 
awarded in two sections with the requirement 
that they be completed by January, 1926. Smith 
Bros., Inc., Dallas, Texas, received the contract 
for the lower or river end, and Whiting Turner 
Company, of Baltimore, Md., the contract for 
the upper end. These contracts involve about 
60,000 cubic yards of concrete and five million 
pounds of reinforcing steel. 

Many interesting construction methods are 
being employed in this job, which have made it 
possible to advance the work on certain sections 
considerably faster than contract requirements. 
An important factor in speeding up the con- 
tract work has been the remarkably early re- 
moval of forms. During the summer it has been 
found possible and safe to remove them within 
48 hours, and within 72 hours in winter. A 1:2:4 
mix is used. 
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quiring increased invert 
thickness. The arch is de- 
signed for an eccentric load- 
ing of 1500 lbs. per sq. ft. 
and a uniform loading of 
2000 Ibs. per sq. ft. and pro- 
vides for the worst condi- 
tions than can occur from 
track loadings when freight 
yard tracks are laid over it. 
The arch section was found 
to offer advantages over a 
twin box culvert section and 
to be 15% cheaper, and was 
therefore adorted. 

A feature of special inter- 
est is the use of an invert 
lining of vitrified clay liner 
plates to give a smooth 








INVERT LINERS PARTLY LAID. PILE OF LINER PLATES AT THE RIGHT 
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SHOCKOE CREEK SEWER, SHOWING METAL FORM AND LINED INVERT 


In conclusion the writer wishes to acknowl- 
edge his indebtedness to R. Keith Compton, 
director of public works, and Thomas T. Towles, 
assistant director, for courtesies extended to 
him. The sewer is being built under the direc- 
tion of Mr. Compton and from contract plans 


prepared under the direction of Mr. Towles while 
he was chief of the bureau of design of the de- 
partment of Public Works under A. J. Saville, 
former Director of Public Works. E. P. Asbury 
is engineer-in-charge of the work, succeeding 
A. M. Harris, under whose direction the first 
half of the work was carried on. 
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MAXIMUM SECTION OF SEWER, COMPLETED AND UNDER CONSTRUCTION. MIXING PLANT AT RIGHT 
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Santa Barbara Water- 
works and theEarthquake 


Effect of the earthquake upon the city’s 
reservoir dams and the distribution 
system described by engineers. 








The Allied Architects Association of Santa 
Barbara has published, as a bulletin of the society, 
a collection of narratives and opinions concern- 
ing the earthquake by engineers, architects and 
others considered especially competent to make 
such contributions. From these we have se- 
lected those of special interest to water works 
men, one by Alfred R. Poett, engineer of the city 
water department, the other by Henry Haw- 
good, M. Am. Soc. C. E., consulting engineer. 


WHAT HAPPENED TO THE MUNICIPAL WATER 
SYSTEM 
By Alfred R. Poett 


Damage caused to the distribution system by 
the earthquake was taken care of by this de- 
partment as if it were an every-day occurrence. 

When the Sheffield dam went out, and breaks 
occurred in the city distribution mains, crews, 
under the direction of foremen, who have been 
with the department for years, were rushed to 
points where mains were broken, closed gates, 
and by-passed the water supply to other mains. 

Within a half hour of the time Sheffield reser- 
voir was destroyed, Mr. Trace, superintendent 
of water distribution, had closed the main sup- 
ply, from Mission tunnel to the reservoir, and 
by-passed the water supply to reservoirs near 
the Mission. 

Carl Wyant, engineer and superintendent of 
the Montecito County Water District imme- 
diately reported with all the men of his force, 
and within the space of three days had repaired 
two sections of the 12-inch distribution main 
in Sycamore canyon, constructing temporary 
trestles where the line had been washed out. 

‘The caretaker at Gibraltar dam reported that 
no breaks or fractures had occurred to the struc- 
ture. This was confirmed the next day when J. 
B. Lippincott, consulting engineer for the Water 
Department, and Victor Trace, superintendent. 
made a most careful inspection of the dam. 

Aside from the destruction of the Sheffield 
reservoir, and the damage to the distribution 
main in Sycamore canyon, the distribution sys- 
tem throughout the city was not damaged to any 
extent. 

Work of reconstructing Sheffield reservoir to 
hold 8 or 10 millions of gallons is progressing 
rapidly, and several reservoirs of approximately 
the same capacity are contemplated in different 
parts of the city, to take care of the outlying 
districts. 

The supply from Mission tunnel was increased 
100 per cent, due to the quake, and is now run- 
ning approximately 750 thousand gallons more 
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than normal daily. The same condition applies 
to the Santa Ynez river, north of the Range, 
where the gauging station near Lompoc shows 
a material increase. 


RESERVOIR CONSTRUCTION 
By Henry Hawgood 


The effect of earthquakes on reservoir dams 

and the earthquake resisting power of different 
types of dams are matters of more than ordinary 
importance, particularly so in case of municipal 
water supplies. Fire invariably springs up in 
the ruins of an earthquake and the integrity of 
the water supply becomes vital. Ninety per cent 
of the damage to San Francisco was due to fire, 
uncontrollable by reason of shattered water sup- 
oly. 
Two reservoirs of Santa Barbara municipal 
water supply system were subjected to the earth- 
quake shocks and something can be learned from 
their behavior. 

The Sheffield reservoir, situated within the city 
limits, of 45,000,000 gallons capacity, had an earth 
dam of maximum height between 20 and 30 feet, 
with inner and outer slopes of 2% to 1, and crest 
length of about 700 feet. This dam failed in a 
curious manner: the central half, pivoting at one 
end, swung open like a door. 

The primary cause of the dam movement was 
the saturated condition of the base of the outer 
slope whereby frictional resistance to sliding was 
reduced to a minimum. It does not appear that 
any sub-drainage had been provided. The con- 
dition was such that it needed but a heavy jar to 
start the movement and the pressure of the 
water in the reservoir did the rest. Failures 
from lack of adequate sub-drainage have not 
been uncommon. 

The second reservoir, known as the Gabraltar, 
of 15,600 acre feet capacity, the main storage of 
the supply system, is situated on the Santa Ynez 
river, reached by a 4-mile tunnel through the 
intervening mountain range. 

Gibraltar dam is an arch structure of concrete 
of a present height of about 175 feet above 
stream bed and designed to be carried up 45 feet 
higher. The radius where now terminated is 
243.5 feet and the crest length, 554 feet. The 
lower half of the dam as constructed is of the 
full width needed for the ultimate height. At 
mid height the dam is benched some 8 or 10 feet 
and carried up on the same slope as the final 
structure will have. The present top width: is 
10 feet. 

The dam as it stands is a thick arch dam for 
its lower half, and one of moderate thickness for 
the upper half. 


The chief engineer of the Los Angeles Flood 
Control District sent an assistant to inspect the 
dam immediately after the earthquake. His re- 
port, which I am permitted to quote, states that 
there is not a trace of a fracture, large or small, 
anywhere in the structure, and the quake was 
very violent in the locality. 

The behavior of this arch dam under severe 
test is a valuable addition to the knowledge of 
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the subject. It serves to strengthen the growing 


conviction among engineers that arch dams are 
safe earthquake structures. 





Normalcy in Chemical 
Treatment of Sewage 





Description of experimental work at 
South Manchester and_ conclusions 
arrived at. Necessity of cooperation in 
intensive study of effects of chemicals 
: other than precipitation. 





By J. Frederick Jackson 
EXPERIMENTS AT SOUTH MANCHESTER 


The greater part of the sewage at South Man- 
chester is the waste water from the silk mills of 
Cheney Bros. It consists of spent dyes, sulphuric 
and alum liquors, gums, dextrine, soap and dyes, 
and concentrated gum suds. Analyses of the sam- 
ples of the dye liquor, suds from ungumming silk, 
concentrated dye and dextrine, and dye liquor con- 
taining soap gave the following results. 

Analysis of Cunpenmng >) of Waste from Silk Mills at 





Manchester 
Dye Suds Dye Dye liquor 
Liquor Dextrine & soap 

Nitrogen ...... 05% 0.22% 0.15 % 0.01% 
Po eo ee a a ore 
ee ae tr ee 1.66 % 
Free Fat & Silk 

Sele tr 0.11% 0.14% 0.27% 
Dextrine 

(dextrose) 0. ccccs save 39.08% 

Analysis of Composite Sample of Waste from Silk Mills at ~ 

Scuth Manchester 

CO CR “acid sd cdate scenes eens 590 = p.p.m. 
Pt oe iin ccduncnns oueaeR wae Yo Ags 
CR IE oi hav scenes seance dunes 3,220 4 
SD fe ids 52 krork nen haemo 36,800 - 
oO ee errr errr 14,400 6 
TOM OE SUE. si oak escccsessicen 8,400 ' 
Volatile suspended solids.............0... 7,000 a 
BOLE AE ETRE TE orca e er am 3,986 “ 
CE dokttcditdnenteidsesermbnese i 


These analyses show very complex wastes in which 
organic matter predominates, and where matters in 
suspension are largely in colloidal state. Treatment 
by ordinary biological methods would be very diffi- 
cult. 

At South Manchester, plain sedimentation, agi- 
tation with revolving paddles, chemical precipitation, 
activation and sand filtration were tried. 

The highly complex organic character of the 
sewage and the failure of the biological method 
of intermittent sand filtration due to the fact that 
the present beds were noticeably too small to treat 
the entire flow, led to the experiment of treating 
the sewage with various chemicals to see if this by 
itself, if carried far enough, would give an effluent 
which could be discharged directly into the river; 
or whether partial chemical treatment before dis- 
charge on the sand beds would remove the fatty 


*Cencluded from page 382 
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acids and silk gum emulsion, the colloidal character 
of which caused the beds to clog much more quickly 
than would otherwise be the case. Accordingly, 
4,800 gallons per day of the combined sewage was 
treated by plain sedimentation, continuous flow, 
using a settling period of 3% hours. 

Analysis after Plain Sedimentation 


Raw Effluent % Removal 

le Se eee 16.1 14.5 10. 
PPGR AM. occvcces 5.3 6.0 -13. 
6 re 141. 113. 20. 
Total Sends ....<s+ 568. 487. 14. 
i. ee 343. 257. 25. 
Total Sus. Solids..... 171. 117. 32. 
Vol. Sus. Solids...... ... aa ‘as 
OO ree 49. 47. 

PS ere rem 54. 54. 


The percentage removal of all constituents was 
very poor and did not begin to compare with re- 
sults obtained from plain sedimentation at New 
Britain. 

The sludge was then agitated by revolving paddles 
and removed as fast as it was formed. This gave 
only a slight increase in the percentage removal. 

The sewage was then treated with lime on the 
continuous basis, using .2 gr. per litre and a de- 
tention period of 4 hours. Good clarification was. 
obtained and the organic nitrogen, oxygen consumed 
and suspended matter reduced about 33%. 

Various laboratory experiments using different 
combinations of chemicals were made. Using 0.4 
gr. lime with 0.2 gr. FeSO,; and 0.3 gr. lime with 
0.1 gr. alum gave the best results. A much higher 
percentage removal was obtained in the laboratory 
experiments than in the continuous process used in 
the field. Lime and iron and lime and alum in com- 
bination with agitation and removal of the sludge 
was next tried, treating 4,300 gallons of sewage 
per day. With the lime and iron very good removal 
of suspended solids was obtained with only slight 
change in the organic matter. 


Analysis after Continuous Flow Sedimentation with Lime and Alum 


Raw Effluent % Removali 
CE FO ov etnaiwsvnnes 27.4 20.7 24 
Pee FMR scdcnwccence 12.3 5.9 52 
oe See ee 175 112 36 
ncaa cw els eer om 
So biiis csiot wen ek Sas er 
Total Sus. Solids ........ 169 106 37 

Agitation and Removal of eae after Treatment with Lime and 

ron 

Raw Effluent % Removal 
Pe SO es ecaks cess 20.1 15.3 24. 
Free Amm........... 6.3 5.5 13. 
I 6b scedkween cue rn sae 
eee ma Cie sia 
I ioe inane ae 160. 134. 16. 
TOE SD. kn kesscc 541. 648. -20. 
8) eae 303. 246. 19. 
Vol. Sus. Solids..... 211. 192. 9. 
Vol. Sus. Solids..... 155. 110. 29. 
CE: io cw ons ew ess 48. 35. _ 
Pea 58 189. Si 
oo ebb aWayakeue 4.3 11.3 -174. 


Since the dissolved solids average 330 p.p.m. in 
the raw sewage and 456 p.p.m. in the effluent, this 
result was attributed to the solvent action of the 
lime on the organic matter. 

The experiments with lime and alum gave slightly 
better results and returning the sludge increased the 
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removal of all constituents considerably, even with 

the use of much smaller quantities of chemicals, 
Treatment with Lime and Alum 

Lime, I gm., Alum 5 gm. per liter. Dorr Thickener, 4 hrs. 


Retention. 

Raw Effluent %o Removal 
TE ecawiecvaes 16.2 10.2 ; 
LL oe eee 7.8 9.5 -12, 
Se eee sid i sisi 
TEE ore din:drolsievdre ; she or 
EE oS ee oe 130. 79. 39. 
ROU SONGS... 6s cecss 670. 617. 8. 
VOL ONE <i.sewsses 362. 150. 59. 
Total Sus. Solids .... 130. 70. 46. 
Vol. Sus. Solids .... 71. 52. 27. 
MEE ais aiarweaie-ceee 47. 48. ‘ 
co 56. 120. 


Lime .05 gm., Alum .2 gm. per liter. Dorr Thickener 4 hrs. 
Retention Sludge Returned. 


Raw Effluent % Removal 

Serer 14.9 8.7 42. 
Pree Amm. ......... 6.5 10.7 -65. 
eee aes ve 
I co idicie'inceees , alas eee 
WE To cee se0006e 154, 73. 53. 
Total Solids......... 560. 517. 8. 
VOL, BOOS hcsi-cewecs 307. 150. 51. 
Total Sus. Solids.... 182. 62. 66. 
VOL Set: SONG cicccc 006 _— utes 
IE is ccscceves « Se 58. 

Alkalinity .......... 61. 150. 


Activated sludge experiments on this sewage ' were 
on a small scale and done at the laboratory. The 
sludge concentration was about 15%, the aeration 
periods 6 and 15 hours and sufficient air supplied to 
keep the sludge well agitated. Clarification was good 
and a very clear effluent obtained in all the tests. 
The removal of organic matter was practically the 
same in both periods. No nitrification took place 
but the dissolved oxygen and relative stability in- 
creased with the longer aeration period. 

Activated Sludge Treatment 


6 hrs. Aeration, 1 


hour settling. 
% Re- % Re- 
: Raw Effluent moval Raw Effluent moval 
Org, . Nit:....... 16.0 6.4 64.3 18.2 6.5 


Free Amm. .. 8.0 4.4 49.0 5.1 2.6 49.0 


15 hrs. Aeration, 
1 hour settling. 


INHEHES occ a oe ee ae ae 
Nitrates ...... 6 os ae: 17. - sacs 
OR. ON... 116. 49, 57.7 145. 40. 72.4 


The treatment of composites of the concentrated 
wastes consisted in first filtering, second liming and 
filtering a sample of the frisson gum suds, acid gum 
suds and dyes, alkali soap and dyes, gambier, log- 
wood, alum and iron. Filtering was assumed to give 
the effect of sedimentation. By filtering alone fairly 
high removals of organic matter and total solids 
were obtained, suspended solids were entirely re- 
moved but there still remained 28,000 p.p.m. of 
dissolved solids. Liming and then filtering did not 


Treatment of Composite Wastes 


By Liming 
By Limed and 
Untreated Filtered Filtration and ___ Filtration 
p.p.m. p.p.m. PerCent Filtered Per Cent 
Ore Wit. 6 s+. <2 590 160 72. 1 ; 
Nit. as FreeAm. 2.32 1.44 38.0 1.00 56.9 
Ox. Cass........ $200 1,260 60.6 656 79.5 
Solids 
eer 36,800 28,000 23.9 27,000 27.2 
Volatile ..... 14,400 8.200 43.0 3,200 TAS 
Total Sus..... 8,400 0 100 0 100 
Volatile ...... 7,000 0 100 0 100 
Ether Extract... 3,986 500 87.7 50 98.7 




































PUBLIC 





VoL. 56, No. 11 





WORKS 


affect the results materially except the oxygen con- 
sumed and the ether extract where the reduction 
was very noticeable. Treating the composite with 
an excess of sulphuric acid speeded up the precipi- 
tation but upon dilution the supernatant liquor was 
very turbid, yellow and colloidal in character. The 
supernatant liquor after using an excess of lime 
was very clear and remained unchanged when 
diluted. 
SUMMARY 

With the combined sewage at South Manchester, 
chemical treatment alone had a marked effect on 
certain constituents and on others practically none. 
In combination with agitation of the sludge, and 
particularly where the sludge was returned, the 
removals were higher. It is interesting to note 
that when activated sludge was introduced, or the 
sludge returned from the thickener, there was im- 
provement in the character of the effluent. 

The results obtained from treatment of the con- 
centrated wastes by chemicals were quite promising 
but the experiments were not carried far enough 
to permit drawing definite conclusions from them. 
They did, however, emphasize the advisability of 
further experimentation in treatment of wastes of 
this character by segregation and chemicals. 

CONCLUSIONS 

While precipitation seems to be the major effect 
of chemical treatment, further studies may reveal 
other reactions which would be of considerable 
value. The apparent confusion in relation to the 
chemical treatment of sewage seems to have orig- 
inated in the tendency to study the precipitating 
effect of the chemicals to the neglect of their action 
as solvents and germicides. But, granting the im- 
portance of the precipitation phase, investigators 
have not as yet given such study to it as would war- 
rant discarding it as an effective and useful process 


in sewage treatment. 


The use of chemicals has been in the nature of 
mass treatment. Most of the work was done by 
engineers or by chemists who had taken up sanitary 
engineering. The effect of any one compound was 
masked by physical conditions and variations in 
type of mechanical equipment. No particular effort 
seems to have been made to harmonize these or to 
study intensively the reactions taking place with 
individual compounds. The refinement of measure- 
ments and the ingenuity in perfecting devices for 
application of chemicals and control of processes 
so noticeable with water purification appear to have 
been neglected in sewage treatment. Methods of re- 
porting results have differed so widely that true 
comparison between work of different processes 
in treating different sewages has been difficult. 

Investigators of sewage treatment have hereto- 
fore been working independently of each other. 
Much progress has been made and some very bril- 
liant individual work done. The time has now 
come for closer association of investigators. The 
solution of the problem can be assisted and hastened 
materially by cooperation. 

To secure this there might be created a joint com- 
mittee composed of sanitary, mechanical and elec- 
trical engineers, chemists, physicists, bacteriologists 
and microscopists who would review the work al- 











See 




















eT Eredar e werent. 





5] 
} 
: 
: 
i 
} 





Novemser, 1925 PUBLIC 





ready accomplished, each attempting to correlate 
his work with the others, and combine all in such 
a way as to utilize the best features of each. This 
would be followed by combined experimentation to 
secure a practical solution of the problem. 





Sewage Treatment in 


Fitchburg 


A description of the Fitchburg, Mass., sewage 
treatment plant and articles dealing with its 
operation have appeared from time to time in 
Pustic Works during the past ten years, and 
operation last year was apparently up to the 
high standard of this plant. Some of the changes 
made in construction and in the more signifi- 
cant features of the plant operation are referred 
to below. 

It had been found that the sludge in the hop- 
per bottoms of the Imhoff tanks did not slide 
automatically to the foot of the sludge pipe as 
satisfactorily as could be desired, partly owing 
to fine sand or mineral matter that is carried 
_by the sewage into the tanks. To remedy this 
condition, piping was installed in one tank which, 
when connected by fire hose with a water sup- 
ply hydrant, agitates the sludge and causes it 
to slide more rapidly. This installation great- 
ly improved conditions in that tank and it was 
thought probable that similar piping would be 
placed in the other four tanks. As stated in the 
report, piping of this kind is quite generally in- 
stalled in Imhoff tanks that have been con- 
structed in recent years. 

Removal of settleable solids, as shown by the 
conical measuring glass tests, averaged 98.67 
per cent. for the year, with only an occasional 
readable volume of settled solids in the Imhoff 
tank effluent after standing two hours. The 
settleable solids pass readily into the digestion 
chambers and the surface of the tanks was free 
at all time from floating gas-lifted solids. There 
was practically no foaming at any time during 
the year, although slight indications of it have 
been noted at times when a marked increase in 
sewage flow took place. Sludge level was kept 
down to an average of three to four feet below 
the slots. The sludge drawn was in all cases 
well digested and contained a larger percentage 
of solids than for several years previous. 

The temperature of the digesting sludge was 
taken at frequent intervals during the spring, 
summer and fall. The temperature readings were 
taken at a point seven feet below the slots or 
about 3.7 feet above the extreme bottom of the 
hoppers. Corresponding temperatures of air and 
crude sewage were taken at the same time. 

The temperature of the sludge continued low 
(43 degrees F.) until about the first of April, 
after which it gradually increased, reaching a 
maximum of 65 degrees on August 4th. It re- 
mained above 60 degrees until October Ist, after 
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which it fell during the next two months to 
49 degrees. That some digestion was taking 
place even at the low temperatures of winter 
was evidenced by bubbles of gas appearing in 
the chimneys. The digestion was much more 
active, however, during the period of higher 
temperatures from May to November inclusive. 
All of the sludge drawn was well digested and 
free from all odor except the tarry smell char- 
acteristic of well-digested sludge. 

In cooperation with the New Jersey Agricul- 
tural Experiment Station,.tests were made dur- 
ing the latter half of the year to determine the 
hydrogenion concentration or true acidity of the 
sewage and effluents in 24 hour composite 
samples kept on ice. From a table of these tem- 
peratures it appears that there was compara- 
tively little difference in pH between the sew- 
age and effluents, although the pH of the final 
effluent from the secondary tanks was consis- 
tently a little lower than that of the Imhoff tank 
effluent. The average pH of the sewage was 
6.6, that of the Imhoff tank effluent the same, 
and that of the final effluent 6.0. The pH of 
the sewage and tank effluents varied during the 
period of the investigation from a minimum of 
5.4 to a maximum of 7.1 in the case of sewage 
and 7.2 in the case of tank effluent. The pH 
of the final effluent varied from a minimum of 
5.2 to a maximum of 6.5. All pH readings showed 
a marked increase during the summer. Con- 
centration of the sewage may have been a factor 
in this. Favorable sludge digestion was taking 
place throughout the period. It was believed by 
the chemist of the plant, Herbert B. Allen, that 
similar tests of the sludge liquor would be of 
more value as indicating the kind and extent of 
sludge digestion taking place. The final efflu- 
ent, he reports, has been stable practically every 
day for the last ten years. The nitrification ob- 
tained last year was the highest of any year 
since the plant was put in operation. 





Street Lighting in Pasadena 


Pasadena, California, is said to have at present 
the best illuminated street west of Chicago. A new 
lighting system has just been completed on East 
Green St., along with other improvements, the total 
cost of which for 7,450 feet of improvement was 
more than one million dollars. 

The lighting units used are of the latest type 
manufactured by the Westinghouse Electric and 
Manufacturing Co. The standards are the “Ar- 
cadia” type of cast iron painted a bronze color and 
surmounted by a solid bronze octagonal lantern, 
equipped with a Bi-lux reflector and utilizing a sin- 
gle 600 c. p. street lamp. The reflector reflects the 
light beam at an angle of 22%4 degrees with the 
curb, giving an illumination intensity of 2,000 c. p. 
up and down the street, 500 c. p. directly in front 
of the post and only 300 c. p. at the rear of the post 
toward the property line. 

The standards are placed 2 feet from the face 
of the curb at intervals of 115 feet, staggered. The 
street is 48 feet wide between curbs and 70 feet 

















between property lines. At three intersections four 
posts are placed 15 feet back from the intersecting 
street, giving an average spacing of 90 feet be- 
tween lights at the intersections. 

The wires are carried underground, as are all 
other wires and utilities of this street improvement 
The power and lighting conduits were placed at an 
average depth of 3 feet below the surface of the 
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roadway, all conduits being enclosed in lead to give 
adequate protection against moisture. Each post is 
equipped with a safety coil and a disconnecting pot- 
head at the base standard. 

The lighting system was designed by E. L. Bet- 
tanier, engineer of the Municipal Light and Power 
Co., assisted by C, E. Johnson, engineer of the 
Westinghouse Co. 





Effect of Six-wheel Trucks on 
Pavements 





Tensile stress about half as great as that produced by a four-wheel truck 

of the same gross load, practically independent of axle spacing; maximum 

stress occurs in bottom of slab and along edge of slab; and fiber deforma- 

tion is twice as great when a bp is 9 inches from the edge as when 
inches. 





To provide a vehicle which can carry heavy pay 
loads without violating the regulations of the 
various states that limit axle load, wheel load, 
and load per inch width of tire, manufacturers 
of vehicles have designed the six-wheel truck, 
which carries the bulk of the load on four rear 
wheels instead of two, thus doubling the legal 
capacity of the vehicle. 

What the actual effect of this greater load 
will be upon highway pavements has been studied 
experimentally by the Bureau of Public Roads. 
Briefly, these “indicate definitely that the ten- 
sile stress set up in a concrete pavement by a 
six-wheel truck is only about half as great as 
the stress produced by a four-wheel truck of 
the same gross load.” The tests and conclu- 
sions therefrom are described by L.:W. Teller, 
associate engineer of tests with the U. S. Bu- 
reau of Public Roads, in the October issue of 
the juurnal of that bureau. 

The principal objects of the tests were to de- 
termine: 

1. The relative stresses produced in the pave- 
ment by four and six-wheel vehicles having (a) 
the same gross load, and (b) the same wheel 
load. 

2. The effect of the axle spacing of six-wheel 
vehicles on the stress produced in the pavement. 


In order to study the effect of various axle 
spacings, a special trailer was constructed con- 


sisting of a frame provided with two axles, which - 


could be spaced at any distance from 3 to 10 feet 
apart, the load being equally supported by all four 
wheels. The front end of the platform that car- 
ried the cargo rested on a knife-edge placed 
transversely on the rear end of the motor truck 
which was used to move the trailer. Thus the 
essentials of a six-wheel vehicle were repro- 
duced and axle spacings of from 3 to 10 feet could 
be had at will. As the trailer was to be run only 
at very low speeds over a smooth pavement, no 
springs were provided. The wheels were 
equipped with 40 by 6 inch single solid rubber 
truck tires. A four-wheel, 5-ton capacity truck, 
equipped with similar tires, was used for com- 
parative tests. In addition to the equipment 
described above, two other trucks were used, 
one a six-wheel and one a four-wheel class B 
Army truck of identical design except for the 
rear end construction, both equipped with pneu- 
matic tires. 

Two “loadometers” were used to measure the 
wheel loads, these devices having been calibrated 
prior to their use in this investigation. The 
vehicle being weighed was supported in a level 
position by small wheel platforms. 














GENERAL VIEW OF DEFLECTOMETER USED IN TESTS OF SIX-WHEEL TRUCKS. 
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from edge of pavement, with 
4,000, 5,000, 6,000, 7,000, and 
8,000-pound wheel loads. 

II. Six-wheel trucks: 

(a) Pneumatic tires, 38 by 
9 inches, with 50-inch axle 
spacing, 9 inches from edge 
of pavement. 

1. 4,000-pound wheel load. 

2. 4,300-pound wheel load. 

(b) Pneumatic tires, 40 by 
6 inches, with 4,350-pound 
wheel load. 

1. Nine inches from edge 
of pavement and 36, 40, 44, 





SPECIAL TRAILER WITH 86-INCH AXLE SPACING. 
The rear wheels are resting on the loadometers, the front wheels on the 


leveling platforms. 


The test pavement was a 6-inch plain concrete 
slab of uniform cross section, 18 feet wide and 
30 feet between transverse joints. The tests 
were made at one corner of this slab, the trans- 
verse joint being a poured joint, without ex- 
pansion material. 

The deflection data were secured with an in- 
strument called a “deflectometer,” which con- 
sists of a series of pen arms supported by the 
pavement. Each pen arm traces on a moving 
paper a continuous record of the deflection of 
the slab at that point as the truck wheel moves 
over the slab. Thus, each curve is an influence 
line of deflection for the particular point at 
which the pen arm is supported. The vertical 
movement of the slab is multiplied fifty times 
on these curves by a direct lever action. The 
apparatus is provided with electric contacts 
which record on the same paper the instant at 
which the truck passes a given point. From a 
series of such curves it is possible to obtain the 
elastic curve of the pavement for any position 
of the wheel. The speed of the truck and of 
the paper are determined by a pendulum of 
known period. Graphic strain gauges were in- 
stalled along the upper and lower edges of the 
slab and recorded the maximum compressive 
and tensile deformations oc- 
curring in the outer fibers 
of the pavement as_ the 
truck passed. 

Part of the test runs were 
made with the outer wheels 
centered over a line painted 
9 inches from the edge and 
part over a line 21 inches 
from the edge. Complete 
data were obtained on near- 
ly 100 runs, under the fol- 
lowing conditions: 

I. Four-wheel trucks: 

(a) Pneumatic tires, 44 
by 10 inches, 9 inches from |, 
edge of pavement. ng 


1. 4,000-pound wheel load. ~*~ ee if 
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48, 54, 60, 72, 86, and 118 
inch axle spacings. 

2. Twenty-one inches from 
edge of pavement and 36, 40, 
44, and 54 inch axle spacings. 

By means of records of the deflection of each 
of several points in the slab as the truck ap- 
proached, passed and receded from it, it was 
possible to determine the form assumed by the 
pavement under the load or the elastic curve of 
the pavement. Such curves are shown in the 
illustrations for four-wheel and six-wheel trucks. 

From these curves it will be seen that the 
deflection is directly proportional to the load. 
For instance, a 2,400-pound wheel load at the 
corner of the slab produced a maximum de- 
flection of 0.015 inch. The rear wheel load of 
8,100 pounds passing the same point produced 
a maximum deflection of 0.051 inch. The same 
is true for deflections along the edge of the slab 
away from the corner, although the deflection 
is only about 40 per cent as great. 

The data from the strain gauges consisted 
of graphic records showing the maximum ten- 
sile and compressive deformations occurring, 
at the gauge position for each load application. 
These records in each case were reduced to the 
maximum unit deformation. 

Examining the data from all of the runs with 
the various vehicles, the stress produced along 
the edge of the pavement by a wheel load 21 





Sak 





2. 8,000-pound wheel load. 
(b) Single solid tires, 40 
by 6 inches, 9 and 21 inches 


DETAILS OF PENDULUM (AT RIGHT IN BOX) AND ROAD CONTACTS 
OF DEFLECTOMETER. 
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A LOADING DIAGRAM 
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ELASTIC CURVES OF 6-INCH CONCRETE PAVEMENT 
. UNDER 4-WHEEL TRUCK IN VARIOUS POSITIONS. 


inches from the edge is found to be 47 per cent. 
of that produced by the same load 9 inches from 
the edge. This percentage varied from 43 to 51 
per cent. for the various groups of compar- 
able results. 

The variation in stress along the edge of the 
pavement for a given load is shown by the dia- 
gram which shows the maximum edge stresses 
at the several points resulting from the load 
as it passes along the edge. The significance 
cf these diagrams lies in the fact that they show 
that for six-wheel trucks the maximum tensile 
stress occurs in the’ bottom of the slab regard- 
less of the axle spacing. This means that, even 
though there is counterflexure of the pavement 
between the wheels, the tension developed in 
the top of the slab is.of less magnitude than the 
tension developed in the bottom of the slab di- 
rectly under the wheels. This latter tension, 
then, is the critical stress for the six-wheel as 
well as the four-wheel vehicle. 

_ This leads to a study of the relative fiber de- 
formations produced by four-wheel and six- 


wheel vehicles, having, first, the same gross 
loads, and, second, the same wheel loads. The 
difference between the two four-wheel trucks 
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was Only in the area of contact between the 
tire and the pavement due to the type of tire, 
and it is obvious that this has no appreciable 
effect on the stress. The data indicate that for 
a given gross load the six-wheel truck will cause 
only about one-half the tensile deformation pro- 
duced by the four-wheel truck. This seems to 
be true for all axle spacings with the possible 
exception of the 36-inch, for which the recorded 
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ELASTIC CURVES OF 6-INCH CONCRETE PAVEMENT 
UNDER 6-WHEEL TRUCK IN VARIOUS POSITIONS. 


deformation is slightly greater. This may be due 
to some peculiarity of this particular test, al- 
though it seems more probable that with wheels 
but 36 inches apart the condition is beginning 
to approach that of a concentrated load. How- 
ever, as it is doubtful if such a close axle spac- 
ing will be met in practice, this small increased 
stress would not appear to be important. The 
significant indication is that the stress in the 
pavement produced by a six-wheel truck is a 
function of the wheel load and not of the axle 
spacing. 
CONCLUSIONS FROM INVESTIGATION 


Summing up, the following may be stated as 
the indications of this investigation: 

1. The deflection of a concrete pavement is 
directly proportional to the load applied (within 
the limits of this investigation). 

2. A load passing along the test pavement 
(uniform thickness, 6 inches) 9 inches from the 
edge of the pavement produced approximately 
twice the fiber deformation in the edge of the 
pavement that was caused by the same load 
passing along a path 21 inches from the edge. 

3. The tension produced in the top of a pave- 
ment due to counterflexure between the wheels 
of a six-wheel vehicle is less than the tension 
produced in the bottom of the pavement direct- 
ly under the wheel, regardless of the axle spac- 
ing. 

4. In the case of six-wheel vehicles the maxi- 
mum tension produced in the pavements seems 
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to be a function of the wheel load and not of the 
axle spacing, at least between the limits of 3 feet 
and 10 feet. 

5. Within the deformation limits obtained in 
this investigation (maximum unit fiber deforma- 
tion of about 0.0001 inch per inch) the fiber de- 
formation in the pavement is directly propor- 
tional to the load. 

6. In a pavement slab of uniform thickness the 
maximum deformation occurs along the edge 
of the slab for both four-wheel and six-wheel 
vehicles. 
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FOUR-WHEEL TRUCK 

















UNIT FIBER DEFORMATION — HUNDRED THQUSANDTHS OF AN INCH 
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SAME WHEEL LOAD AS SIX-WHEEL TRUCK 
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SAME GROSS LOAD AS SIX-WHEEL TRUCK 


A—UPPER EDGE OF SLAB. B—LOWER EDGE OF SLAB. . 
NOTE: TENSION INDICATED BY SHADING. COMPRESSION DEFORMA- 
TION CURVES UNSHADED. 


VARIaTION IN STRESS ALONG EDGE OF PAVEMENT 
RESULTING FROM PASSAGE OF 6-WHEEL 
AND 4-WHEEL: TRUCKS. 


The stresses indicated are the maxima produced at 
the several points by the loads in any position. 
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Preparing Concrete Cores 
for Compression Tests 


In preparing concrete cores for compression 
tests, methods and procedure have been devel- 
oped by the Division of Tests of the Bureau of 
Public Roads that seem to give the most reli- 
able results of any that have been employed, and 
which are recommended for general adoption. 

It has been found that capping the cores with 
neat cement is the most satisfactory method, 
whether the ends of the core are very irregular 
or not. Plaster of Paris has been used with suc- 
cess where the specimens had especially smooth 
end surfaces, but in general this practice is not 
advised. It has been found from comparative 
tests that cores capped with plaster of Paris 
may show a reduction in strength as great as 50 
per cent below those similar in character capped 
with Portland cement. 

The method adopted in the laboratory of the 
Bureau of Public Roads is to remove any very 
sharp or abnormal projections from the end of 
the core by means of a carborundum saw or the 
skillful use of a hammer, after which the surface 
is cleaned with hydrochloric acid, followed by 
rinsing with a jet of water. Unless this cleans- 
ing process is carefully done the cap will not 
adhere to the core. No attempt should be made 
to prepare specimens with heights equal to or 
exactly twice their diameters. It has been found 
that more accurate results are obtained when 
the original core is capped and tested without 
any attempt to build up its height with the cap- 
ping. material. The necessary correction for 
height may easily be made by applying the cor- 
rection factor given in A. S. T. M. Tentative 
Standard Method of Securing Specimens of 
Hardened Concrete from a Structure, serial. de- 
signation C45—2I1T, 

The surface to be capped is thoroughly brushed 
with a soft paste of neat cement in order to in- 
sure a good bond for the cap. The specimen 
should be kept wet at all times, and a minimum 
period of time should elapse between the various 
operations in order to prevent premature drying 
of the unhydrated cement in the cap. Several 
methods of applying the cap may be followed, 
depending upon the irregularities of the surface. 
If the end of the core is comparatively smooth 
neat cement paste of approximately normal con- 
sistency is heaped upon the specimen and the lat- 
ter then inverted onto a piece of plate glass 
which has been oiled and is free from scratches. 
New plate glass is recommended, as any 
scratches or roughness may cause the cement 
to stick to the glass, thereby removing 
the cap from the core. The excess cement is 
squeezed out by pressing the core firmly down 
against the plate, and a trowel is used to point 
up the cement around the edges of the core. 
Care should be taken that the axis of the speci- 
men is perpendicular to the glass surface. 
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Another method which is used in the case of 
specimens having irregular ends consists of 
wrapping a piece of thin sheet metal, which has 
been oiled, around the core so as to form a mold. 
This may be held in place with several wire 
bands. The highest point of the end of the core 
should be flush with the end of this mold, so 
that when the cement paste is applied there will 
be neither an excessive thickness of cap nor any 
projection from the core. The form thus pre- 
pared is filled with cement paste, after which 
a piece of oiled plate glass is placed upon it so 
as to form a plane bearing surface. 

The selection of oil in these operations is im- 
portant, as some oil seems to lack those qualities 
which prevent adhesion of the cement to the 
glass or metal surfaces. Several brands should 
be tried for the purpose of selecting that which 
gives the best results. Mobiloil B and tractor 
crank-case oil have been used in the bureau’s 
laboratory with satisfaction. 

Lumnite cement, either as a stiff paste or in 
a 1:1 mortar mixture, should give satisfactory 
results if sufficient care is taken to supply all 
the water required for its hydration. When 
Lumnite cement is used the freshly capped spe- 
cimens should be kept in a moist closet or 
thoroughly surrounded by saturated burlap bags 
for at least 12 hours. If the initial curing is done 
properly, cores capped with Lumnite cement 
may be tested 24 hours after capping. Portland 
cement paste gives satisfactory results, especial- 
ly if a 4 per cent solution of calcium chloride 
is used as the mixing water. This accelerates 
the hardening of the cement sufficiently to allow. 
a compression test to be made after three days 
of curing. 

The chief requisites of a material suitable for 
capping specimens are that its strength at the 
time of the test shall be at least equal to that 
of the specimen and that the modulus of elasti- 
city shall be as nearly that of the concrete under 
test as it is feasible to obtain. 





Driving Concrete Pile Twenty-four 
Hours Old 


The bulletin of the California Highway Com- 
mission for October contains a description by 
Harlan D. Miller, bridge engineer of the com- 
mission, of an interesting test of a pile made of 
Lumnite cement concrete. Mr. Miller’s article is 
as follows: 

An interesting test, which may prove of great 
value in reinforced concrete pile foundation con- 
struction, has just been completed by the bridge 
department at Pismo, San Luis Obispo county, 
where two state highway bridges are under con- 
struction. A concrete “test” pile was cast using 
Lumnite cement instead of ordinary portland 
cement. Twenty-four hours after the pile was 
cast it was driven forty-five feet in the ground 
to refusal. The test was one of the first made 
by the California Highway Commission with this 
special cement. 

In this instance Lumnite cement seems to have 
developed, at twenty-four hours, a greater 
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strength than most portland cements at twenty- 
eight days. 

It was not possible to have made a strength 
test of the concrete used in the pile at the age 
of twenty-four hours, but two 6 x 12-inch sample 
cylinders of the concrete were tested within 
forty-eight hours after casting. The 200,000- 
pound state testing machine did not break either 
of the test samples, indicating a strength in ex- 
cess of 5,600 pounds per square inch. This test 
concrete, after forty-eight hours, had a strength 
at least equal to ordinary portland cement con- 
crete at an age of three months. 

A number one Vulcan steam hammer was used 
to drive the test pile, which was forty-seven 
feet long and eighteen inches square. The usual 
time of curing before driving concrete piles is 
twenty-eight days, but the pile used at Pismo 
was driven exactly twenty-four hours after cast- 
ing. It required 643 blows of the hammer to 
drive the pile forty-five feet in the ground to 
refusal. The pile apparently was not injured in 
any way by the rough treatment to which it was 
subjected, except that under the blows of the 
hammer there was a little spalling at the top. 

The value of a test of this kind is obvious. In 
the future, whenever concrete piling is to be 
used in the construction of bridges or other 
structures, a “test” concrete pile can be driven 
on short notice and exact conditions determined 
upon. This is not always possible with wooden 
test piles, which are generally used to obviate 
waiting twenty-eight days for a concrete pile 
to cure. Wooden test piles are sometimes un- 
satisfactory because of the difference in size 
and penetrating power. The driving of such test 
piles frequently gives the wrong impression, and 
foundation piles are cast an improper length as 
a result. 

The use of a concrete pile as a “test” pile is 
a true guide for determining the proper length 
for other concrete piles. This experiment of the 
bridge department may be the means of effect- 
ing a considerable saving in the future. 





California Adopts New Soil Test 


The California Highway Commission expects 
to adopt the field method of determining the 
moisture equivalent percentage of subgrade soil 
developed by the U. S. Bureau of Public Roads 
as its standard laboratory practice. In order 
that the laboratory operators may have a 
standard by which to recognize the condition 
and appearance of the soil when it contains the 
moisture equivalent percentage of moisture the 
Bureau of Public Roads will supply the Commis- 
sion, at the request of the latter, with samples 
of soil the moisture equivalent of which has been 
determined by the standard centrifuge method. 
These samples, when wetted with the known 
moisture equivalent percentage of moisture, will 
provide a gauge by which the appearance of a 
soil when it reaches the critical stage can be 
determined. The Bureau will gladly perform a 
similar service for any other laboratories that 
may be desirous of employing the new test. 
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The A. S. M. I. 


The American Society for Municipal Improve- 
ments is the only national organization with a 
membership composed exclusively of engineers. 
and public officials connected more or less direct- 
ly with municipal improvements, and the only 
oné which specializes in the engineering and 
construction features of street paving and sew- 
erage. Both the American Society of Civil Engi- 
neers and the American Public Health Associa- 
tion have sanitary engineering divisions, and the 
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former a highway division; but these play only « 
a minor part in the functioning of those societies. - 

This being the case, the A. S. M. I. should em- 
brace in its membership all municipal officials and 
technical employes who are connected with the sev- 
eral departments or bureaus having charge of 
constructing or maintaining streets, sewers, | 
water works, street lighting, and refuse collec- : 
tion and disposal; and as associate members all 
who are interested in furnishing materials to 
such departments. But it falls far short of this. 
While the membership should be three or four . 
thousand, it is only about 650, and has been de- 
creasing for three years past. 

But there are indications that an increase in ° 


' activity and membership is at hand. The execu- 


tive committee realizes the critical state of af- 
fairs and at'the convention last month took a ° 
step which is expected to give results. It em-. 
ployed a secretary who will devote ‘a large part 
of his time to‘the society’s affairs and who has 
had experience in this class of work. Hereto- 
fore the secretary has been an engineer who' 
gave to the society’s affairs what time he could ° 
spare from his regular work, and was paid about’ 
enough to compensate him for the services: he ‘ 
rendered at the annual convention only. All‘ 
friends of the society will extend to the new» 
secretary their best. wishes and active coopera- 


‘ 
fy 


-~ 


About fifteen years ago another national or- ' 
ganization, the American Water Works Associa- ' 
tion, had about the same membership as that: 
of the A. S. M. I.,.and five years later it also was 
losing members. But today it has passed the : 
two thousand mark and is trying to attain a goal 
of 2,500 by next year’s convention. Twenty ' 
years ago the A. S. M. I. had less than one hun- 
dred members and had been losing. It then took ' 
a spurt to two or three times this number and ° 
rested on its oars. About ten years ago it 
practically doubled its membership, and again 
became sluggish. Here’s hoping that the pres- 
ent re-awakening will carry the number of mem- 
bers well up toward two thousand, with all that’ 
this involves of more intensive and extensive 
service to its members and to the whole broad 
field of municipal public works. 





Day Labor vs. Contract on Public Work 


The Associated General Contractors of Amer- 
ica, or at least those who are directing the 
activities of that society, are thoroughly aroused 
on the subject of the construction of public ' 
works by day labor instead of by contract. “The 
Constructor,” the official monthly publication of 
the society, and the “Members’ News Letter,” 
its bi-weekly bulletin, have for the past year ‘ 
devoted a considerable part of each issue to dis- ' 
cussions and figures offering arguments against 
day labor. 

Probably few if any contractors and not many 
engineers will deny the general statement that 
work can be done more cheaply by a skilled con- ' 
tractor than by a public official employing day’ ' 
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labor. Many engineers, however, believe that 
day labor work is justified under certain condi- 
tions, such as the existence of known or sus- 
pected collusion among bidders, work to be done 
under unknown or unusually hazardous condi- 
tions or in which changes of plans will probably 
be necessary as the work proceeds, or where it 
is of such a nature that serious consequence 
would result from carelessness or dishonesty 
which it would be difficult to detect. (Probably 
the contractors themselves would offer little ob- 
jection to day labor construction of small jobs 
occurring repeatedly throughout the year, such 
as the laying of short extensions of water pipes 
or sewers by regular employes of city depart- 
ments.) 

Most of the above exceptions can be met by 
other alternatives, however. If collusion is sus- 
pected, announcement of that fact and a call 
for new bids will often secure reasonable figures 
from former bidders or serve to bring in bids 
from new ones. Where the work involves un- 
known or unusually hazardous conditions or 
probable change of plans, the construction of all 
or part of it by a responsible contractor under 
the cost plus system will generally prove satis- 
factory. In the latter case a list of responsible 
contractors should (in our opinion, if the local 
laws permit) be selected beforehand, and only 
selected contractors be allowed to bid; the ques- 
tionnaire recently prepared for this purpose by 
the “Joint Conference on Constructional Prac- 
tices” being perhaps used as a basis of selection. 

There would seem to be undeniable merit in 
the argument that a contractor possessing “skill, 
integrity and responsibility,” and experienced in 
the kind of work contemplated, would almost 
always be able to perform such work more satis- 
factorily and at less cost than would an engineer 
who has not made contracting a profession and 
who has no financial interest at stake in keeping 
down costs. 

The arguments from the point of view of the 
contractor were presented last month before the 
American Society for Municipal Improvements 
by J. H. Ellison and his paper is published else- 
where in this issue as being probably the best 
statement that has been made within the limits 
of a single article. 





Material Liens in Texas 


The recent legislature in Texas passed a lien 
jaw “to create a lien in favor of any person, firm 
or corporation who may furnish any material, 
apparatus, fixtures, machinery or labor, to con- 
tractors who contract for public improvements.” 
This gives a lien “on the moneys, or bonds, or 
warrants, due or to become due to such con- 
tractor for such improvements.” If an official is 
notified in writing, he must retain enough of any 
amount due the contractor to pay the claim if it 
shall be established by law. “The fact that— 
machinery people lose enormous amounts of 
money by such contractors leaving their jobs in- 
complete and making away with the machinery 
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creates an emergency and an imperative public 
necessity that the rules requiring bills to be read 
on three several occasions be suspended, and that 
this law take effect from and after its passage.” 

Are the contractors in Texas as bad as all that? 





Gravel Roads in Nevada 


Owing to financial limitations and physical con- 
ditions the chief type of road constructed in 
Nevada is gravel surface. At first the results 
obtained were not very satisfactory and all sorts 
of experiments were tried out, such as requiring 
sprinkling and rolling, but in spite of this the sur- 
faces would soon loosen up. It was found, after 
two or three years of experimenting, that the 
only satisfactory manner of securing a com- 
pacted surface was to accept a job in loose con- 
dition, releasing the contractor; following which 
the state would, by force account, secure a prop- 
erly compacted surface during the following 
winter season by means of the judicious use of 
road drags and scrapers and the compacting 
effect of the travel using the road. The surfaces 
now being obtained by this method are highly 
satisfactory, are obtained at a minimum cost, and 
by means of proper and constant attention are 
costing a minimum for maintenance. 

As has been the experience in other states. 
Nevada’s gravel roads are found to form corruga- 
tions. Concerning this, the state highway en- 
gineer in his latest report makes the following 


statement: 

While it is not possible to totally prevent the forma- 
tion of corrugations in gravel-surfaced roads, they can 
be eliminated to a large extent. This can be brought 
about by the use of small angular-shaped particles 
of gravel instead of the highly rounded particles for 
surfacing material. 

To provide such a surfacing material in Nevada it is 
necessary to crush pit-run gravel and to use only the 
material that ranges in size from one inch down and to 
reject practically all of the clay and silt occurring as fines 
in the pit-run material and to retain only those fines 
produced by crushing. The removal of the clay and the 
silt from the gravel eliminates one of the greatest con- 
tributory factors to the development of corrugations. 
The setting of the roadway surface is somewhat retarded 
by the removal of clay, and considerable attention must 
be devoted to the compaction of the gravel. Eventually, 
however, a far better and more lasting surface is obtained. 
The greater portion of the gravel-surfaced roads con- 
structed in Nevada the past two years have been sur- 
faced with crushed gravel and compacted without an 
appreciable amount of clay or silt. The corrugations 
are much slower in developing and more easily eliminated 
by maintenance on these projects than on the other 
projects where the surface was merely pit-run gravel. 

To maintain a comparatively smooth surface on the 
project constructed of crushed gravel, it is only necessary 
to drag the surface at regular intervals, regardless of 
rainfall or other conditions, and to keep a thin covering 
of loose material brushed over the road by means of 
drags. -The amount of maintenance required depends, of 
course, largely upon the amount of traffic, for, after a 
certain volume of traffic dragging will not keep the road 
free from corrugation. The corrugations can, however, 
be cut down and the surface materials rearranged and 
distributed with a road planer. This road planer is a 


combination of short blades working at opposite angles 
and a sacrifier made up of small teeth that comb and cut 
down the ridges. The road planer works very satis- 
factorily on roads where the maximum size of surfacing 
gravel is not more than one inch in size. 

















LE Bite kr Ren 





Novemser, 1925 





PUBLIC WORKS 407 


Day Labor in Public Construction* 





Arguments against the practice from the point of view of the contractor, 

presented by an officer of the Associated General Contractors of America. 

Government should not compete with private business. Day labor more 

expensive to taxpayers than contract work. Declaration of Hennepin 
County Taxpayers’ Association. 





By J. H. Ellison; 


Following the time-honored custom of the 
preacher, it has seemed to the writer advisable 
to begin with a “text.” The text is multiple in 
character and appears to afford a reasonable 
foundation for what he has to offer. 


Extract from the “Platform of the Republican Party” 
adopted by the National Republican Convention—Cleve- 
land, 1924. 

“The prosperity of the American Nation rests on the 
vigor of private initiative which has bred a spirit of in- 
dependence and self-reliance. The Republican Party 
stands now, as always, against all attempts to put the 
Government into business. American industry should 
not be compelled to struggle against Government com- 
petition.” 

Extract from the “Democratic Platform” adopted by the 
Democratic National Convention—New York, 1924. 

“We oppose the extension of bureaucracy, the creation 
of unnecessary bureaus and federal agencies and the 
multiplication of offices and officeholders.” 

Extract from President Coolidge’s address of acceptance, 
August, 1924: 

“I favor the American system of individual enterprise, 
and I am opposed to any general extension of govern- 
ment ownership and control.” 

Extract from President Coolidge’s address at exerciscs 
commemorating 150th anniversary of First Continental Con- 
gress—Philadelphia, Pa., Sept., 1924: 

“If the people lose control of the arteries of trade and 
the natural sources of mechanical power, the nationaliza- 
tion of all industry could soon be expected. Our fore- 
fathers were alert to resist all encroachments upon their 
rights. If we wish to maintain our rights, we can do no 
less. 

“It is very difficult to reconcile the American ideal of 
a sovereign people capable of owning and managing 
their ow: government with an inability to own and 
manage their own business. 

“We are too solicitous for government intervention, 
on the theory, first, that the people themselves are help- 
less, and second, that the Government has superior capa- 
city for action. Oftentimes, both of these conclusions are 
wrong.” 

Extract from an address by President Coolidge at the 
dedication of a monument to the dead of the American 
Expeditionary Forces at Washington: 

“You want a free and fair opportunity to conduct your 
own business and make your way in the world without 
danger of being overcome by a government monopoly. 
When the government goes into business it lays a tax 
on everybody else in that business, and uses the money 
that it collects from its competitors to establish a mon- 
opoly and drive them out of business. No one can com- 
pete. When the Government really starts into a line 
of business that door of opportunity is closed to the 
people. It has always been an American ideal that the 
door of opportunity should remain open.” 

Extract from an address by Secretary of Commerce, Her- 
bert Hoover: 

“I would like to see an independent investigation in 
the relative cost of construction of public work depart- 





*Paper before the American Society for Municipal Improvement. 

t Vice-president of the Winston-Dear Co., contractors, of Minne- 

y ane and next president of the Associated General Contractors of 
erica. 





mentally as opposed to contract. I believe that there 
would be here demonstrated a great public waste. It 
is my belief, as an engineer, that construction by con- 
tract of public works makes for national economy.” 

From an article in the Nation's Business for October by 
Admiral Leiyh C. Palmer, President, Emergency Fleet Cor- 
poration, I quote the opening paragraph: 

“A highly competitive international shipping line under 
government operation or control and supervision is at 
a great disadvantage as compared with a line operated 
under an efficient private commercial corporation.” 

At a meeting of the executive board of the 
Associated General Contractors of America, held 
at the Hotel Washington, May 20, the follow- 
ing statements were made: 

That the Corps of Engineers of the United 
States Army were ignoring and clearly intended 
to continue to ignore the plain intent of the 
Arlington Memorial Bridge Bill in preparing to 
construct that bridge with their own forces and 
equipment instead of by the contract method. 

That they were in this case simply following 
a system which they have applied in constantly 
increasing ratio from year to year during the 
last quarter century, viz.: Of doing as much 
as possible of the construction work placed 
under their charge with equipment purchased 
for and owned by the United States, operated 
under the “day labor” system with man power 
employed by them. 

That the use of this system resulted in great 
waste of the funds of the United States, which 
waste must necessarily be borne by the tax- 
payers. 

That the results of numerous “day labor” 
undertakings, as recorded in their own published 
records, show conclusively that they are either 
utterly incompetent to make advance estimates 
of the cost of public work (which the A. G. C. 
of A. does not believe), or that such work under 
their direction and by that method shows gross 
extravagance in construction; vide—The record 
of a bridge built by them under this method at 
Washington, D. C., the Francis Key Bridge, 
which was estimated to cost $1,000,000, and 
which actually cost $2,350,000. Also the Wilson 
dam and substructure of the power house at 
Muscle Shoals, Tenn., which was estimated in 
1916 to cost $10,700,000, on which has been ex- 
pended to date, $32,500,000, is still incomplete 
and will require (as estimated by competent 
engineering authority) an expenditure of ap- 
proximately $8,000,000 additional to fully finish. 
This statement of expenditure made and still to 
be made does not take into account capital ex- 
penditure for equipment used on the work, much 



































v 408 


. of which will have little value to the United 
States after this work is done. If time permit- 
ted, many additional instances could be cited. 

That since 1900, when the Engineer Corps did 
about 12 per cent. of the total work done under 
their direction by the “day labor” method and 

88 per cent. by contract, by 1924 those figures 
had changed to 75 per cent. by the “day labor” 
method and 25 per cent. by contract, and that 
further, the total equipment owned and operated 
by the Corps in 1900 represented a capital ex- 
penditure of less than $5,000,000; whereas, in 
1922, the amount of capital expenditure for such 
equipment had increased to over $55,000,000. 

The contention in brief of the Associated Gen- 
eral Contractors of America is that the result 
of this system is to enormously increase the 
costs of these operations to the tax-payers; that 
it tends to eliminate competition entirely; that 
it violates the principles laid down by both of 
the great political parties, as expressed in their 
platforms of 1924, and as also expressed on num- 
erous occasons by the President of the United 

States, both in private and in public; the fre- 
quently announced attitude of the Chamber of 
Commerce of the United States; the reiterated 
views of the Secretary of Commerce and of many 

' other Government officials, and held by thought- 
ful men of all sections of this great country, 
to wit: That the Government should not engage 
in business in competition with private enter- 
prise. These statements were and are aimed at 
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tent to which the Associated General Contrac- 
tors of America are able to forecast, it threatens 
to become still more serious. 

Passing from the activities of the U. S. Engin- 
eer Corps, which is given first place in this 
paper because it occupies nationally the most 
commanding position of any group directing 
public construction, it is unquestionably true 
that the use of the day labor method in this 
class of work has been constantly increasing 
throughout our states, municipalities and their 
boards and commissions which have to do with 
the direction of public work. 

For several years the State of Michigan has 
constructed and paved most of its highways by 
this system. In the writer’s own city of Min- 
nedpolis, all of the street paving and all of the 
sewer work for many years past, the two most 
recently constructed important bridges over the 
Mississippi river, and sundry other public works, 
have been built by the day labor method, and 
the city has already inaugurated the construction 
of a third bridge across the Mississippi river by 
the same method. The writer will not try your 
patience in the attempt to enumerate more than 
a small part of the operations with which he is 
acquainted in which this method is invoked. 

The following list, which is of course in a num- 
ber of cases more or less approximate owing to 
the impossibility of getting scrupulously ac- 
curate cost records, is fairly illustrative of the 
general condition. 





Day Labor Costs in Actual Cases 


Name of Project 


ES caro abaioieikae de ae aa cselentae pnnioeie eid 
ee siete eee dsgkeredadadiddbnoiedene 
III I Saas cla déniemieuauien eeu we 
Municipal garage, Detroit, Michigan................eee0e. 
Michigan highways 8 miles in Genessee county........... 
‘Watervliet, Michigan high school.............ccceccccces 
Wyandotte, Michigan—school...........ccccccccccccceces 
Bay City, Michigan—schools (2)..........csccccccccccees 
Munising, Michigan—high school................seeeeeees 


Levee construction—Third Mississippi. River District— 

S91S-1923, IZOUO000 CUDIC YAFdS.......0.5cccccccccsececes 
Mississippi river bridge, Minneapolis, Minn.............. 
PMPNRT TOSCCVON,, DORI OC. oes. 6n.nsctséeccecccccceceeseese 
rr i i oo ecerentecsebeussenewaredes 
I nnn vcerincbbnensaenseecouseeweeewwans 
din nsiieeehebasbndeieddinesasesouereone 


Engr’s Est. or Cost by % of ex- Probable loss 
Contr’s Bid Day Labor cess cost to Public 
$117,000 $160,000 37 ,000 
43,000 81,000 - 88 38,000 
800,000 2,000,000 150 1,200,000 
550,000 694,000 26 144,000 
280,000 400,000 43 120,000 
150,000 210,000 40 60,000 
884,000 1,145,000 30 261,000 
930,000 2,217,000 138 1,287,000 
285,000 415,000 45 130,000 
| 
4,038,000 5,154,000 27 . 1,116,000 
450,000 1,000,000 122 550,000 
104,000 120,000 15 16,000 
420,000 * 668,000 60 248,000 
63,000,000* 122,000,000* 94* 59,000,000* 
_ 383,000 426,000 11 43, 
1,000,000 2,350,000 135 1,350,000 
73,434,000 139,040,000 88 65,606,000 





a system and not at the United States Engineer 
Corps as individuals. 

An emphatic and heated denial of all these 
statements has been made by General Taylor, 
Chief of Engineers, and Colonel Sherrill, Execu- 
tive Officer of the Committee on Public Build- 
ings and Grounds of the District of Columbia. 
Except that it may be difficult to prove the “in- 
tention” of the Corps regarding the method of 
constructing the Arlington Memorial Bridge, 
every statement made can be substantiated by 
the published records of the Corps. The situa- 
tion is already a matter of serious concern to 
the people of the United States and to the ex- 


The writer has been asked why the comparison 
between actual “day labor” cost and the con- 
tractor’s bid is not used in all these citations. 
The answer is that in a majority of the instances 
cited, no bid from contractors was asked for 
or received. 

The most ardent proponents of the “day labor” 
plan are the most persistent opponents of receiv- 
ing bids on such work, because they know that 
one of two results would follow. Either that 
the cost of the project would be shown to be 

“In fairness to the Reclamation Service it should be recognized 
that some of the original plang on which the $63,000,000 estimate was 


based were modified and the work increased, but this by no means 
accounts for the over-run of 94 per cent. 
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so great as to cause its abandonment, at least 
temporarily; or, that if they decided to construct 
with their own forces the comparison of the 
actual cost—if honestly and accurately disclosed 
—with the contractor’s bid would operate to de- 
stroy the “day labor” method. Many of the sup- 
porters of this method are actuated by political 
rather than economical motives. 

Suffice it to say, that this system is wide- 
spread and that there is probably no state in 
the Union in which it is not in use to a greater 
or less extent. The Associated General Con- 
tractors of America alleges, and in many in- 
stances proof of the truth of the allegation is 
available, that almost invariably the cost to the 
public of work done by this method is in excess 
of that which would have obtained if done by 
contract. It is not always possible to prove this 
for two reasons. First, that in many instances 
no bids from contractors are asked for or re- 
ceived, and second, in many cases no accurate 
cost record of the work is obtainable. 

While this situation is a matter of concern to 
responsible contractors, it is of infinitely more 
concern to the taxpayers. The increased cost 
of work by this method must of necessity in- 
crease the amount of direct tax, and it has its 
effect indirectly in that it causes a loss to the 
government, state or municipality, of the tax 
which would have been paid by private indivi- 
duals on the income from and equipment used 
in such work. 

It has been charged that the attempt of the 
Associated General Contractors of America to 
give the fullest possible information to the pub- 
lic regarding the effect on taxation of the con- 
stantly increasing volume of public construc- 
tion performed by the “day labor” method, is 
inspired by “selfish interests.” 

To the extent that members of this Associa- 
tion hope to benefit by a return to what it re- 
gards as the reasonable and proper method of 
constructing needed public works, we concede 
the truth of this charge. We are assured, how- 
ever, that the benefit to be derived from such 
action will accrue in much larger measure to the 
general taxpayer. Any and every individual in 
the United States who is not a dependent on 
an individual or family, or is not a charge of 
or upon the state, is either directly or indirectly 
a taxpayer. 

There are at least four important reasons why 
the “day labor” method is generally unsound, as 
follows: 

1. It is contrary to the generally accepted 
view that the Government should not engage 
in business in competition with private enter- 
prises when and where private enterprise and 
initiative is available. 

2. It is socialistic in tendency. 

3. It makes possible the organization of a 
machine, which will assure the continuing poli- 
tical control of all activities of that department 
of government, by the agency of that govern- 
ment using this method. 

4. It fails to recognize a well established prin- 
ciple which demands the employment of profes- 
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sional skill when and as such skill is of value. 
We do not employ an engineer to treat us in 
case of illness, an architect to conduct our cases 
in court or elsewhere when legal knowledge is 
requisite, a doctor to locate our railroads, nor 
a lawyer to design our buildings. 

The A. G. C. of A. affirms that the business of 
construction has become a profession, and that 
the professional skill of available contractors is 
such that they can in general assume charge of 
public construction under the supervision of the 
engineer or architect, and so carry on the work 
as to save money for the taxpayer; meantime 
securing a greater or less compensatory profit 
for themselves. 

It is further claimed that in the event that the 
contractor, through incompetence, or for any 
other reason, does not receive a sufficient price 
for his work to secure him against loss, he bears 
that loss, whether individually or through his 
bond, and that it does not fall upon the general 
taxpayer. Where the cost of work on the “day 
labor” plan exceeds the advance estimate, or 
the appropriation, or both, such excess is, of 
course, passed along to the general taxpayer. 

The New York Commercial has been so im- 
pressed with the threat of this epidemic as to 
publish a series of twelve front page articles upon 
the subject. These articles began in the issue 
of September 22, and ended with that of October 
5. Subsequent issues have additional matter 
of value on this point. Those of you who are 
interested can obtain reprints of the articles by 
application to the New York Commercial. 

If the contractor has nothing of value to of- 
fer the community in the conduct of his busi- 
ness it is certainly time for him to find it out 
and either to retire from active business as an 
obsolescent and useless burden on the public or 
to learn some new occupation in which he can 
be of service and incidentally avoid becoming 
a charge upon the state. 

Is it possible that the skill developed by years 
of intensive training, which an overwhelming 
majority of the responsible contractors now 
operating have undergone, has no value in pro- 
ducing, through intelligent supervision by 
trained men of individual initiative, better meth- 
ods, better workmanship and better progress in 
all lines of construction? If this is possible, 
much of the work of our public schools, univer- 
sities and colleges—especially that of our tech- 
nical schools—is wasted. 

It seems quite reasonable to expect that the 
first question that will be asked by anyone in- 
terested in this subject will be—“Assuming that 
the conditions exist as stated, what is the rem- 
edy?” 

The writer suggests as a preliminary step the 
general acceptance and adoption of the follow- 
ing declaration of the “Taxpayers Association 
of Hennepin County,” Minnesota, as quoted 
from The Taxpayer of September, 1925: 


SUGGESTED COURSE TO BE FOLLOWED BEFORE ACTU- 
ALLY ENGAGING IN WORK OF PUBLIC CONSTRUCTION 
In order to assure, and as far as possible, guarantee, 

to the taxpayer that all municipal .work of public char- 

acter wil! be done at the least possible cost compatible 
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with good workmanship and efficiency, The Taxpayer 
suggests that in conformity with the spirit of Chapter 
274, Laws of 1921, the following steps or proceedings 
be taken before any public work can be actually started. 

1. The due authorization of the work to be per- 
formed, by legislative or other appropriate action, on 
the part of the body or agency clothed with the power 
and charged with the responsibility to order and direct 
the doing of public work, and having the means of pro- 
viding for the payment thereof. 

2. The preparation by competent engineers or archi- 
tects, or both, of plans and specifications, with accurate 
quantity surveys and an approximate estimate of cost; 
and, with competent legal cooperation, of a suitable form 
of contract. 

3. If and when the necessary appropriation has been 
made by the proper appropriating body, and the funds 
are in the hands of the authorized disbursing agency, or 
will be available when required, advertisements for bids 
should be published, in manner provided by law, in proper 
form, setting forth: ! 

(a) The qualifying requirements for bidders. 

(b) The time when, the place where and the con- 
ditions under which, copies of the plans, specifications, 
quantity surveys, form of contract, and other informa- 
tion may be obtained. 

(c) The time when, and the place where, bids will 
be received, publicly opened and read. 

4. The prompt award of a contract to the lowest 
responsible bidder, who should be required to furnish a 
satisfactory and sufficient bond for the performance and 
completion of the work within the time and for the gross 
amount, or at the unit prices, named in his proposal— 
except and unless the agency directing such public work 
may for sufficient cause elect: 

(a) To reject all bids and advertise the work for other 
proposals; or 

(b) If, for good reasons given, it be considered that 
the work cannot be let by contract for a price as low 
as it can be done by the agency in question, to reject 
all bids and proceed under the method known as “the 
day labor system.” 

5. In the event that alternative “(b)” in Section “4” 
above is adopted, an accurate record should be kept, 
showing, properly classified, all expenditures of every 
kind and nature incurred in the prosecution and com- 
pletion of the work, including the cost of all material 
and supplies, engineering, architectural and other ser- 
vices, overhead, rental and depreciation of equipment 
employed, insurance and any and all other items of 
cost and expense entering into the work. 

6. A summary of such expenditures should be pub- 
lished in the official newspaper of the city within 60 
days after the completion of the work; and a transcript 
of the itemized detail should be promptly procurable 
from the recording officer by an interested taxpayer 
requesting the same, upan the payment of a reasonable 
charge for copying. 


The American Society for Municipal Improve- 
ments must of necessity be interested in taxa- 
tion—must earnestly desire to know that the 
taxpayer’s money is being expended in such manner 
as to produce commensurate value. 

The examples of waste due to this cause that 
are listed in this paper are only a few of those 
recorded by our Association; but they are suf- 
ficient to show conclusively that this waste ex- 
ists and that it is widespread in operation and 
effect. 

A custom which requires demagogism, sub- 
terfuge and, on the part of some of its propon- 
ents, absolute falsehood in its defense cannot 
long endure when the facts are public property. 

It is the purpose of our Association to give 
these facts to the interested public as rapidly 
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as they can be collected and verified. We ex- 
pect -this to result in a demand in no uncertain 
tone for the abandonment of this practice when- 
ever and wherever it can be demonstrated to be 
uneconomical—and that this demand will be 
voiced by that most directly affected group—the 
taxpayers. 





Incinerator Design and 
Construction 





Principles suggested as basis for specifi- 

cations for refuse incinerators, suggested 

by committee of American Public 
Health Association. 


The Commitee on Refuse Collection and Dis- 
posal of the American Public Health Associa- 
tion, Sanitary Section (in future to be known as 
the Public Health Engineering Section), C. A. 
Holmquist, chairman, John H. Gregory, M. N. 
Baker, Edward D. Rich and Samuel A. Greeley 
at the St. Louis convention included in its re- 
port twelve principles suggested as the basis for 
preparing specifications for refuse incinerators 
and conducting acceptance tests thereof. These 
were based largely on the symposium prepared 
by the committee last year. These principles are 
as follows: 

1. For reasons of sanitation it is believed ad- 
visable to keep garbage and refuse in separate 
containers at the house. The collection, how- 
ever, may be either separate or combined de- 
pending on local conditions. 

2. Household and industrial ashes should not 
be incinerated but should be hauled directly to 
the dump or fill. 

3. The revenue derived from salvage and 
utilization of municipal refuse will probably 
never equal the total cost of collection and dis- 
posal. The possibility of the utilization within 
the works of power generated by incineration 
of refuse is worthy of consideration. 

4. In selecting a site for the location of the 
incinerator due consideration should be given 
to its accessibility for collection districts, the 
character of neighborhood as regards use and 
occupation, and its elevation with reference to 
the surrounding territory in order to minimize 
the possibility of nuisance. 

5. Before specifications are drawn up certain 
fundamental data regarding the refuse should 
be obtained, such as total tonnage, relative pro- 
portion of the various constituents by weight 
and volume, calorific value, etc. 

6. Specifications for the work should always 
be drawn up and should include the following 
points: (a) The plant should be planned for at 
least two units for flexibility and reliability of 
service and to facilitate making repairs. (b) 
Good engineering standards for materials of con- 
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struction and quality of work should prevail. 
(c) The quality of fire brick used in the furnace 
should vary according to the demands in the 
different parts of the furnace, as to porosity, 
refractoriness, coefficient of expansion, hardness 
and ability to withstand abrasion. (d) The lin- 
ing and arches of the furnaces should be so 
constructed as to prevent warping and cracking 
of the exterior walls. (e) The grates should be 
so designed as to make ample provision for ex- 
pansion and contraction, to facilitate clinkering 
and to prevent overheating. (f) Suitable drying 
grates or hearths should be provided where 
garbage and other refuse having high moisture 
content are to be incinerated. (g) A combus- 
tion chamber of suitable size and arrangement 
to facilitate combustion and arrest dust should 
be provided. (h) If a boiler’is installed to utilize 
the heat produced at the incinerator, due con- 
sideration should be given to the character and 
calorific value of the refuse in order that the 
boiler may be so located as to prevent undue 
cooling of the gases before combustion is com- 
plete. (i) Sufficient air, properly distributed to 
give complete combustion, should be provided. 
Forced draft with air preheated to not less than 
300 deg. F. is desirable, especially in the larger 
plants. (j) Simplicity and ruggedness in design 
should be sought in all mechanical devices. (k) 
Proper means of charging the furnace, with 
special provision for preventing undue loss of 
heat and the escape of gases of combustion dur- 
ing charging, should be provided. (1) Where the 
type of furnace or the local conditions require 
temporary storage of refuse, the storage bins 
or containers should be so constructed as to 
facilitate ready cleansing and a minimum hand- 
ling of the refuse. (m) Provision for rapid 
clinkering and for the disposal of clinkers and 
ashes should be made. (n) Suitable instruments 
for measuring and recording essential data and 
results of operation of various parts of the plant 
are desirable. The minimum equipment for 
larger plants should be a continuous recording 
radiation pyrometer, a CO, recorder, thermom- 
eters or pyrometers for recording the tem- 
peratures of chimney gases, preheated air and 
outside air, and draft gages for recording pres- 
sures in ashpits, flues and chimney. (0) Suit- 
able scales should be provided for weighing the 
refuse delivered to the plant. (p) Ventilation 
of the plant should be provided in such a way 
as to prevent outside nuisance from odors or 
dust. (q) In general the plant should be so de- 
signed as to enable ready cleansing of floors 
and apparatus, and the necessary facilities 
should be provided for that purpose. 

7. Each bidder should submit with his bid a 
list of two or more municipal plants operating 
successfully in the United States under condi- 
tions similar to those obtaining for the pro- 
posed plant and of the same pattern as the in- 
cinerator on which his bid is based. 

8. Contract forms should be prepared and bids 
should be submitted in such a manner as to af- 
ford ready comparison of bids on unit prices 
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of construction, and efficiency of operation, in- 
cluding annual charges of operation, interest 
and depreciation, under the stated guarantee. 

9. The contractor should make certain guaran- 
tees of efficient and economical operation under 
bond covering the following points, and the final 
acceptance of the plant should be contingent on 
the results of a test run of not less than 10 days 
duration, conducted under certain specified con- 
ditions: (a) Personnel required to operate the 
plant for a given tonnage of refuse of a stated 
approximate percentage of constituent materials. 
(b) Net cost per ton for incinerating refuse con- 
taining certain percentages of water and com- 
bustible. Where additional fuel is needed for 
complete combustion, the maximum quantity of 
fuel required per ton of refuse (usually 200 lb. 
of coal or the equivalent of oil or gas per ton 
of garbage is necessary for complete combus- 
tion). (c) Number of pounds of refuse (of 
specified composition) to be incinerated per 
square foot of grate area, per hour. (d) Prob- 
able gross rate of evaporation in boilers from 
and at 212 deg. F. per pound of refuse (of speci- 
fied composition) consumed. (e) Minimum com- 
bustion chamber temperature 1,250 deg. F. Aver- 
age combustion chamber temperature 1,400 deg. 
F. (f) No smoke to be emitted from the stack 
of a degree of darkness or density greater than 
that shown by Chart. No. 1 of Ringelmann’s 
smoke scale. (g) No dust or noxious odors to 
be emitted from stack or plant. (h) All refuse, 
except metals and incombustible materials, to 
be evaporated and burned to a mineral ash prac- 
tically free from organic matter. (i) The city 
to be secured against litigation which may be 
brought for use of any device or patented article 
included in equipment. 

10. The method of conducting the final tests 
and the personnel of the committee of judges 
should be specified. (It is desirable that the 
contractor carry out a preliminary test for at 
least a 5-day period.) 

11. The procedure to be followed in cases of 
failure of the plant to meet the requirements, 
should be specified. (Frequently the contractor 
is granted a 60-day period in which to make 
changes preliminary to a second and final test.) 

12. During the preliminary operation and test 
periods all operations should be carried on by 
and under the cor¢rol of the contractor, who 
should supply the supervision and all labor and 
fuel necessary for the operation of the plant. 
The municipality should deliver at the plant the 
refuse to be incinerated. 





Measuring Roughness of Roads 


A new device known as a “roughometer” has 
been perfected by the U. S. Bureau of Public 
Roads. It is attached to an automobile and de- 
termines the relative roughness of different sec- 
tions of the road surface. The principle upon 
which it is based is different from that of any 
other instrument now in use for this purpose. 
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I. Convention 





Papers and discussions thereon, officers elected and constitutional amend- 
ments approved. Paving, city planning, street lighting, sewerage, and 
refuse collection the topics which received the most attention. 





The 3lst convention of the A. S. M. I., held in 
Des Moines on October 26th to 29th, was gen- 
erally voted a very successful one. There were 
registered about 100 active members and 35 as- 
sociate members, while the guests totaled 150, 
about 70 of whom were from Des Moines. Many 
of the members came from a considerable dis- 
tance, Boston, Ottawa, Can., Portland, Ore., and 
Lakeland, Florida, being among the more dis- 
tant places represented. 

Two changes in the constitution were voted 
by the convention to letter ballot on recom- 
mendation of the executive committee, these 
being a change in the selection of secretary from 
election by the members at large to appointment 
by the executive committee; and change in the 
provisions relative to specification committees 


so that a minority of the positions in any com- . 


mittee may, at the discretion of the president, 
be filled by‘ associate members, the number of 
members being limited to 7. 

It has been evident for some time that the 
society had reached a point in size and impor- 
tance where the duties of the secretary were 
greater than could be performed by a practicing 
engineer in time which he was able to spare 
from his business, and that some other arrange- 
ment was imperative. Anticipating favorable 
action on the proposed amendment, the execu- 
tive committee selected C. W. S. Sammelman, 
secretary of the Engineers Club of St. Louis, 
as secretary of the society, an arrangement hav- 
ing been made whereby he could hold both posi- 
tions; which arrangement was explained to the 
nominating committee appointed later on during 
the convention, and Mr. Sammelman was duly 
nominated and elected to the position of sec- 
retary. It is believed that two important ben- 
efits that will be obtained by having a full 
time secretary will be the getting out of the 
“Proceedings” of the society much more prompt- 
ly, and a membership campaign whereby the 
suciety will increase considerably in size instead 
of making practically no growth, as has been 
the case during the past few years. 

The other officers nominated and elected for 
the year 1925-6 were as follows: for president, 
T. Chalkley Hatton, of Milwaukee, Wis.; for 
first vice president, C. A. Poole, of Rochester, 
N. Y.; for 2nd vice president, John B. Hittell, 
of Chicago, Ill.; for 3rd vice president, John 
Klorer, of New Orleans, La.; for treasurer, P. 
L. Brockway, of Wichita, Kan.; and members 
of the finance committee, George F. Fisk of 
Buffalo, N. Y., W. B. Fowler of Memphis, Tenn., 
and K. C. Kastberg, of Des Moines, Ia. 





The holding of the Asphalt Paving Confer- 
ence at Detroit on the week before this conven- 
tion had been found to interfere with atten- 
dance at both, since a number of public officials 
had not found it practicable to attend conven- 
tions for two weeks in succession. It was ac- 
cordingly suggested by some that these two 
meetings next year be held at the same place 
and on consecutive days, as for instance, the A. 
S. M. I. from Monday to Thursday and the 
asphalt conference from Thursday to Saturday, 
with possibly a joint session on Thursday. The 
selection of place and time of meeting for next 
year was placed in the hands of three members 
of the executive committee, the choice to lie 
between Dallas, Tex., and Columbus, Ohio and 
Memphis, Tenn., unless there should be some 
unforeseen conditions that would seem to make 
another choice desirable. 

The executive committee met at noon on Mon- 
day; and, beginning at 2 P. M., the afternoon 
was devoted to meetings of several committees 
on specifications. 

The convention was formally opened on Mon- 
day evening with an address by the Mayor, Carl 
M. Garver, and a response by vice president Hat- 
ton, followed by the annual address by President 
Dalton. The session closed with the selection of 
committees on nominations and resolutions, and 
the introduction of the proposed amendments 
to the constitution already referred to. 

TUESDAY'S SESSION 


On Tuesday morning, a paper entitled, “De- 
velopments in the Theory and Practice of the 
Design and Construction of Bituminous Pave- 
ments” was presented by Hugh W. Skidmore, 
and Prevost Hubbard described a “Test for 
Stability of Sheet Asphalt Pavement Mixture” 
which has been developed this year by the 
Asphalt Association and described briefly in 
Pusiic Works. The “Behavior of Concrete Pave- 
ments under Service Conditions” was discussed 
by H. Eltinge Breed, following which P. L. 
Brockway, in a paper entitled “Abrasion Test 
for Concrete,” described a method devised for 
making a rattler test of concrete molded in balls 
instead of bricks or blocks, because the great 
loss due to breaking of the edges was thought 
to be unduly severe on that material. Mr. Brock- 
way made 6-inch spheres in cast iron molds. 
These were weighed, left in the rattler for a 
given number of revolutions, then weighed 
again and the loss noted, as a percentage of the 
weight of the ball at the beginning of the run. 
It was found that, in general, the loss for any 
particular ball remained at a uniform percen- 
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tage as the ball wore smaller and smaller in 
successive runs. It was also found that, used 
as a test of the relative desirability of several 
aggregates, the results checked with actual ex- 
periences with the use of such aggregates in 
concrete roads. T. H. Johnson, of Sioux City, 
Ia., questioned whether the effect of tamping 
and otherwise working the surface of a con- 
crete road did not so change its character that 
the ball test would be of little value in connec- 
‘ion with road work. 

R. H. Simpson presented some figures on the 
relative cost of maintaining asphalt and brick 
pavements which were recognized by the con- 
vention as being of great value and unusually 
informative. This paper was discussed by G. 
W. Tillson and others. Prof. A. H. Blanchard 
then read a paper entitled, “Three-Lane Two- 
Way Roadways” in which he claimed that in 
such a road the third lane was used chiefly by 
reckless drivers and that it was therefor a cause 
of accidents and was not only of no value in 
facilitating traffic, but was a danger which 
should be eliminated. This paper was discussed 
by C. C. Brown, George W. Craig, and others. 

The rest of this session was devoted to papers 
by associate members. Moving pictures show- 
ing “Finishing Machines on Construction of 
Concrete City Streets,” with running comments 
by Lion Gardiner, vice president of the Lake- 
wood Engineering Co., showed the various 
methods adopted for utilizing highway finish- 
ing machines in the constructon of city road- 
ways. The next paper was one by A. S. Mirick 
entitled “The Salvage Value of Brick Pave- 
ments,” in which were described various methods 
of using brick from old pavements in addition 
to that of turning them and relaying them in 
the pavement. “The Use of Brick Less than 
Three Inches in Depth” was discussed by Col. 
W. L. Benham, in which he advanced the opinion 
that since only a fraction of an inch of brick 
was worn off by modern rubber-tired traffic, 
and a concrete foundation gave better and more 
uniform support than the kinds formerly used, 
a brick 2%4 inches deep would give satisfactory 
service and economize in cost. The session 
closed with a paper by Ralph L. Warren, read 
by George Warren, entitled “The Irresponsible 
Bidder,” in which such bidder was charged with 
responsibility for poor work, below-cost prices, 
and many other results objectionable alike to the 
contractors, the engineers and the municipalities. 


WEDNESDAY’S SESSIONS 


The morning session opened promptly at 9:30 
with the report of E. A. Fisher as chairman 
of the committee on city planning. Following 
this a paper by James B. Weaver entitled, “The 
City Plan and the Community Consciousness” 
was read by title, having been published in ad- 
vance papers. The city plan of Des Moines was 
then explained by C. A. Taubert and that of St. 
Louis by Harland Bartholomew, following 


which there was discussion of certain features 
of the papers, including excess condemnation in 
Michigan, elimination of grade crossings, etc. In 
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connection with the latter, it was explained that 
in eliminating crossings of roads leading into 
Detroit, a gentleman’s agreement had been 
entered into between the railroads and the coun- 
ty whereby each road is to contribute $150,000 
a year and the county to double the amount so 
raised, giving about two million dollars a year 
for grade crossing elimination. Also it was 
stated that in New York State, the city pays 25 
per cent., the state 25 per cent. and the railroad 
50 per cent. (On November 3rd an amendment 
was adopted by popular vote whereby the state 
can advance to the railroads their share of the 
cost of this work, so as to expedite the com- 
pletion of grade crossing elimination throughout 
the state.) Mr. Horner explained many of the 
features which made the city plan valuable to 
city engineering departments as a basis for plan- 
ning sewers and other improvements. In -re- 
sponse to a question as to the cost of carrying 
out some of these city planning improvements, 
Mr. Bartholomew stated that the comprehensive 
bond issue voted last year by St. Louis covered 
10 years of development and will cost the tax- 
payers only 69 cents a year for each $1,000 
assessed valuation. 

George L. Warren then read a paper post- 
poned from the previous afternoon, entitled, 
“Municipal Finance and Street Improvements,” 
an abstract of which will appear in Pustic 
Works. This paper brought out considerable 
discussion in which C. C. Brown, W. W. Horner, 
Geo. W. Tillson and others took part. In brief, 
Mr. Warren recommended assessing the cost 
of pavements, resurfacing and renewals against 
abutting property, permitting the payment in 
cash or in ten annual installments, but the con- 
tractor to be paid immediately by the city, for 
which purpose it would issue temporary notes 
or bonds, general obligation bonds being issued 
for carrying the cost until the end of the 10-year 
period. Mr. Tillson stated that New York has 
something similar to this in the form of a street 
improvement fund which is practically a revolv- 
ing fund started by the issuing of bonds and in- 
creased from time to time, as may be necessary, 
by the issue of more bonds. Practices in other 
cities were discussed by Messrs. DeBerard, 
Simpson, Craig, and McVeah. 

On Wednesday afternoon the members and 
guests were driven around the city in auto- 
mobiles furnished through the courtesy of the 
local public utility companies and the Mack 
Motor Truck Co.; this including a visit to the 
new power house of the Des Moines Electric 
Company and to the waterworks pumping sta- 
tion. 

On Wednesday evening, Ralf Toenseldt pre- 
sented a report of the Committee on Street 
Lighting which was followed by a paper by L. 
A. S. Wood of the Westinghouse Electric and 
Manufacturing Co. entitled, “Cost of Inadequate 
Street Lighting;” figures being given on which 
to base an estimate of the loss of life and prop- 
erty, crime, etc., due to poorly lighted streets. 
This was discussed by Mr. Klorer. F. H. Wink- 
ley of the General Electric Co. illustrated “Mod- 
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ern Street Lighting” by lantern slides showing 
standards and lighting units used in a number 
of cities. T. W. Rolph of the Holophane Co. 
then described what is meant by, and the ad- 
vantages of, asymmetric street lighting. 

Considerable discussion concerning day labor 
construction in public works followed the read- 
ing of a paper on the subject by J. H. Ellison, 
a contractor of Minneapolis and official nominee 
for president of the Associated General Con- 
tractors, which paper is published elsewhere in 
this issue. Mr. Horner explained the cost of 
St. Louis day labor referred to in the paper, 
but both he and Mr. McVeah and most of the 
other speakers agreed in general with Mr. El- 
lison’s conclusions, most of them making reser- 
vation that there might be conditions when 
day labor by municipal or other governments 
became necessary, as when the contractors ap- 
peared to combine for putting over excessive 
bids. 

The Des Moines waterworks was then de- 
scribed by Charles S. Denman with lantern slides 
showing the ornamental lagoons and lakes at 
the pumping station. The report of J. B. Haw- 
ley, chairman of the committee on waterworks, 
who was absent, was presented in abstract by 
Secretary Brown and discussed by Edward Bar- 
tow, A. F. Macallum and others. 


THURSDAY’S SESSIONS 


Thursday morning was devoted to the sub- 
ject of sanitation and opened with a report by 
Samuel A. Greeley, chairman of the Commit- 
tee on Sewerage, Sanitation and Garbage Dis- 
posal, in which he described recent development 
in the use of sewage sludge. A paper by A. L. 
Kurts entitled “Value of Comprehensive Plans 
for Sewer Systems” was read by one of the 
members in his absence. Another paper on the 
same subject was presented by Mr. Greeley. 
City engineer Katsberg then described, with the 
aid of maps, the sewerage and drainage projects 
of Des Moines. The method of conducting tun- 
nel work in large sewers in sand and water bear- 
ing gravel in St. Paul was described by George 
M. Shepard, with photographs of work in that 
city, most of which was done by the poling 
board method. S. Cameron Corson having asked 
the opinion of engineers present whether it 
would be better to carry a sewer 20 or 30 feet 
below the surface in sandstone in tunnel or open 
cut, Mr. Hatton stated that in Milwaukee sewer 
construction, the contractors can choose either 
tunnel or open cut and invariably have chosen 
tunnel where a sewer was 20 or more feet deep 
and some times where only 14 feet. The ques- 
tion also having been raised whether it was just 
for a state board of health or other authority 
to require a city to carry to its boundary, sewers 
large enough to carry the flow of territory be- 
yond the boundary which had no other outlet, 
Mr. Kingsley and Mr. Horner expressed the 
opinion that it was advisable as a matter of 
policy for the city to do so, since territory be- 
yond the boundary sufficiently developed to re- 
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quire sewers, probably would be annexed to the 
city at some time and that to provide outlet 
across the city for such district would then cost 
many times the increased capacity necessary to 
carry this sewage in the sewer being built at 
present. 

A paper on “Stream Pollution” by Hans Ped- 
ersen and one by J. K. Hoskins entitled “Rela- 
tion between Stream Pollution and the Extent 
of Sewage Treatment Required” were then read 
by members in the absence of the authors. This 
was followed by a series of moving pictures of 
the Milwaukee sewage treatment plant shown 
by Mr. Hatton, which gave an excellent idea 
of the construction and operation of this, the 
largest activated sludge plant in the world. Two 
papers on “Preliminary Treatment of Sewage as 
Affecting Rates on Sprinkling Filters” were 
presented by A. L. Fales and F. W. Mohiman 
and were read by members in the absence of 
the authors. 

In the afternoon, two papers on experiences 
with separate sludge digestion were presented 
by L. R. Howson and C. E. Keefer. Mr. Howson 
stated that in the Madison, Wis., plant using 
separate sludge digestion, there were no odors 
and no clogging of the nozzles or of the filter 
beds. This plant is provided with primary, sec- 
ondary, and colloidal tanks. At Lincoln, Neb., 
there are six settling tanks, sludge tanks hav- 
ing a capacity of one cubic foot per capita. The 
sewage tends to form scum rather than a sludge. 
Other plants at Great Lakes, IIl., and Hartford, 
Wis., were described. Mr. Keefer stated that 
in the Baltimore plant using separate sludge 
digestion there has been no foaming and there is 
little odor if the crust of the scum is kept intact. 

Three papers on the subject “Equipment for 
the Collection of Garbage and Other Refuse 
Materials” had been prepared by Paul Patton, 
W. J. Galligan and R. E. Stoelting, none of 
whom was present, but the papers were read 
by the secretary and others. In discussing this, 
Mr. Macallum stated that in his experience, 24% 
miles was the limit of economical haul of refuse 
with horses. T. J. Lucas then presented a paper 
entitled “Power Plant Development” which had 
been postponed from Wednesday evening. 

In presenting a report as chairman of the 
Committee on Specifications for Bituminous 
Pavements,. E. A. Kingsley recommended that 
next year’s committee prepare specifications for 
rock asphalt and _ stone-filled sheet asphalt. 
George F. Fiske, chairman of the Committee on 
Specifications for Brick Paving, had no new 
specifications to offer but reported the elimina- 
tion of one more size of brick from the stand- 
ards as recommended by the Washington con- 
ference. The concreté pavement specifications 
which had already been published were ordered 
to letter ballot, which action was also taken 
with respect to the stone block specifications. 
E. R. Dutton, Chairman of the Committee on 
Specifications for Wood Block Paving, reported 
that this type of pavement seemed to be going 
out of use, partly because, as blocks became old, 
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they were more subject to swelling and decay. 
Of forty cities questioned on the subject, about 
half stated that they covered their old wood 
block pavements with tar, about 25 per cent. 
used oil, and the remaining 25 per cent. had given 
no treatment of this kind to its pavements. 
Frank R. Allen, chairman of the Committee on 
Sewer Specifications, reported that they had no 
changes to recommend although some had been 
asked for by the reinforced concrete pipe in- 
terests, especially with reference to the rejec- 
tion of pipe for a first crack. This subject will 
be studied by the committee and reported upon 
at the next convention. The A. S. T. M. com- 
mittee C4 is considering several points in sewer 
specifications which also will be ready for re- 
porting upon by next year. The committee on 
Specifications for Street Railway Paving and 
Track Construction had prepared some changes 
in the specifications which, after some discus- 
sion by the convention, were referred back to 
the committee with a view to having them con- 
sidered by a joint committee of this society and 
the American Street Railway Association. W. 
W. Horner, chairman of the Committee on Mu- 
nicipal Contract Forms, presented a form which 
was based upon the standard form prepared by 
the Associated General Contractors and others, 
and which was generally approved by Ward P. 
Christie and J. H. Ellison, of the A. G. C., ex- 
cept that they urged including a provision for 
arbitration. 

This ended the program for the afternoon ses- 
sion, but as little remained for the evening ses- 
sion, it was decided to endeavor to complete the 
work of the convention before adjourning. J. 
C. Grinnalds, chairman of the Committee on 
Public Welfare, presented a report, suggesting 
that the committee carry out, in its successive 
annual reports, a program on public welfare, 
many features of which are included under the 
heads of health, safety and morals, with con- 
venience, art, aesthetics, etc., as secondary con- 
siderations. A paper on “Municipal Finance” 
by Chester E. Rightor had been published in the 
advance papers and was read by title. Reports 
were then heard from the representatives of 
this society in other organizations. 

The session and convention concluded with 
the report of the secretary, treasurer and finance 
committee. The secretary’s report showed $6,- 
443 received during the year while the disburse- 
ments amounted to $7,033. However, these dis- 
bursements included several bills held over from 
the previous year while this year all bills had 
been paid to date, and the society holds a $1,000 
liberty bond. About 75 members had been added 
to the society during the year but practically 
the same number had been lost through resig- 
pa age and those dropped for non-payment of 
ues. 


Adjacent to the convention hall, and so lo- 
cated that all attending the convention meetings 
must pass through it, was a tastefully arranged 
exhibit room in which booths were occupied by 
the following exhibitors: Stoner McCray: Sys- 
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tem, Flint Brick & Coal Co., Standard Oil Co. 
of Indiana, Ford Motor Co., Midwest Paving 
Brick Mfrs. Ass’n., National Paving Brick Mfrs. 
Ass’n., Asphalt Ass’n., W. & L. E. Gurley, Hawk- 
eye Portland Cement Co., National Steel 
Fabric Co., Iowa Valve Co., Pittsburgh-Des 
Moines Steel Co., Blaw-Knox Co., Public Works 
Journal, Lakewood Engineering Co.; Marsh 
Engineering Co., Des Moines Steel Co., Ameri- 
can Vibrolithic Corp., Servicised Products Corp., 
The American City Magazine, Atlas Lumnite 
Cement Co., Portland Cement Ass’n., National 
Meter Co., Warren Bros. Co., G. K. Sales Agency, 
U. S. Bureau of Public Roads, Lock Joint Pipe 
Co., What-Cheer Clay Products Co., Eureka Fire 
Hose Mfg. Co., Tnemec Paint & Oil Co., Pierce 
Robinson Landscape Architect, Des Moines 
Electric Co., Des Moines Gas Co., American 
Hume Concrete Pipe Co., Clay Products Ass’n., 
Chicago Concrete Post Co., Crouse-Hines, Pres- 
tite Engineering Co., General Electric Co., Gran- 
ite Paving Block Ass’n., Kentucky Rock Asphalt 
Co., Giant Manufacturing Co., Westinghouse 
Electric Co., Pyramid Portland Cement Co., and 
Southern Surety Co. 





Emulsified Asphalt for Bridge Floors 


Owing to the remoteness of many highway 
bridges in California, and the difficulty and ex- 
pense of bringing to them a plant and roller for 
laying hot asphalt, the California Highway Com- 
mission this year decided as an experiment to 
surface seven timber-deck bridges with cold 
asphalt. The bridges so surfaced are supported 
by concrete piles and bents carrying a heavy 
wooden deck. The material used was that known 
as “laykold,” which was shipped in barrels of 
approximately 400 pounds and mixed with local 
sand and rock. 

In making the mixture, a man with a large 
paddle first mixed the “laykold” in the barrels, 
which was then dumped into large mixing boxes 
and worked with a hoe until thoroughly broken 
up. This material was then placed in a one-bag 
Jaeger mixer, and to it was added aggregate and 
sufficient water to give the right consistency. 
The batch was mixed for 1% to 2 minutes and 
then dumped into a box, shovelled into a truck 
and hauled to the bridge. 

The bridge floor was first swept clean and a 
coat of two parts water to one of laykold was 
broomed over the surface. The mixed surfacing 
material was then dumped on to the bridge and 
spread and tamped in the same way as concrete, 
using a wooden tamper 22 feet long cut to the 
crown of the bridge. After from two to four 
hours it was rolled with a 750-pound hand roller. 
When thoroughly dry, a seal coat of one part 
water and one part laykold was spread over the 
surface and covered with a coat of coarse screen- 
ings, after which it was again rolled. The labor 
employed was one mixer operator, two laborers 
mixing laykold, three men to wheel and shovel 
aggregate, two spreaders and two tampers. 
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Service Record and Maintenance Costs of 
Asphalt Pavements: 





Actual costs of maintaining asphalt pavements in Columbus, O., during 
the past thirty-six years, grouped according to the age of the pavement 
and intensity of traffic, and discussion of same. 





By R. H. Simpsonj 


Test road experiments conducted by various 
agencies have resulted in information of value 
on construction details, and have developed for 
certain types the proper thickness and cross sec- 
tion of bases to resist the strains set up by mov- 
ing loads. But such tests do not tell the whole 
story of pavement wear or weakness, because 
they do not properly represent traffic conditions, 
nor take into consideration all of the factors 
that enter into the wear or destruction of pave- 
ments. The continuing action of the elements 
is lacking, and while the wear of a pavement is 
influenced largely by the traffic it receives, it is 
the action of traffic combined with such destruc- 
tion agencies as rain, snow, ice, frost, etc., that 
bring out the defects in pavements or cause fail- 
ure in them rather than by traffic alone. 

Notwithstanding the fact that there is a feel- 
ing among some that rubber tired traffic does not 
appreciably abrade hard-surface pavements, 
many engineers do not share this view. A care- 
ful observation of pavements that are subjected 
to such traffic as exists on many streets of any 
American city will convince anyone that our 
hard-surface pavements of all types are show- 
ing evidence of wear, and we all know that ex- 
penditures for the maintenance of all pavements 
is assuming larger proportions year after year. 
It follows, therefore, that up-keep and renewals 
are important factors to be considered in any 
proposed construction, and a knowledge of re- 
pair costs and probable life is essential in de- 
termining the economical pavement. It is the 
ultimate cost and not the first cost that, from 
the economical standpoint, should indicate the 
type of pavement to be adopted. The road 
problem in the past has been one of construction. 
In the future it will be largely one of mainten- 
ance and renewal. During the past decade there 
has been a feverish desire to build as many miles 
of road as possible with the funds available. Now 
the annual expenditures for maintenance is ap- 
proaching in amount that for construction, and 
in another decade we will undoubtedly see a 
much greater portion of highway funds expended 
for up-keep and renewal than for construction. 

Of all of the literature on the subject of pave- 
ments, it is remarkable that so little has been 
published on repair costs or wear. Engineering 
literature is rather voluminous on construction, 
but we search in vain for definite data on the cost 


“Paper presented # A Fourth As; t Paving Conference held 
at Detroit, October 21 to 23, somewhat eS 





t Chief engineer, Department of Public Service, Columbus, O. 


of maintenance and up-keep. It is, of course, 
true that many of the highway departments of 
the various states have published reports on road 
maintenance in terms of cost per mile, but these 
figures usually include miscellaneous items other 
than actual pavement repairs, and it is there- 
fore impossible to make any comparison between 
various materials or types. We have also re- 
ports on repair costs from many cities, but these 
figures are usually given in such a way as to 
be misleading because they do not take into con- 
sideration the volume and character of traffic 
carried or the age of the pavements. As a 
pavement becomes older it will cost more to 
maintain it, and I think we will all agree that 
pavements subjected to excessive traffic are the 
ones requiring the most maintenance, so that un- 
less we know the age of a pavement, how it was 
constructed and something of the traffic it car- 
ries, the repair cost does not mean much. 


In this paper there will be given some def- 
inite data on the cost of maintaining asphalt 
pavements. It will be given in terms of the age 
of the pavements, and the analysis will show 
costs compared for various traffic conditions. 
It is well to keep in mind that the figures given 
and conclusions drawn are based on a study of 
about three hundred improvements, totaling 1,- 
800,000 square yards of sheet asphalt pavements 
laid in Columbus, Ohio. It is thought, how- 
ever, that they will represent the average re- 
pair cost for this type of pavement in any local- 
ity where traffic conditions and construction 
methods and details are similar. 

Before presenting these figures it will! be 
desirable to give some information about the 
construction of the pavements. Prior to 1900, 
the asphalt pavements under consideration were 
laid on a six-inch natural cement concrete base. 
Subsequent to 1900 a Portland cement concrete 
base six inches in thickness has been used. The 
earlier mixture consisted of one’ part Portland 
cement, 4 parts sand, and 8 parts crushed stone 
or crushed gravel. This mixture has been 
strengthened from time to time, and for the past 
twelve years the proportions have been one part 
cement, 2144 parts sand and 5 parts stone. The 
thickness of foundation has remained at 6 inches. 
The asphalt mixture has followed standard prac- 
tice in sand grading and has contained from ten 
to eleven per cent bitumen. On most of the im- 
provements the wearing surface has been 1% 
inches of sheet asphalt laid on one and one-half 
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inches of binder; but during the past ten years 
a two-inch topping has been used on heavy traf- 
fic streets. About 195,000 square yards has been 
laid as a resurface over old and badly worn 
pavements. 

There are four types of old pavements that 
have been resurfaced in Columbus, namely, 
brick, boulders, stone block and macadam. 
About 72% of the work has been on brick, about 
20% on boulders and 8% on macadam and stone 
block. In general it may be said that the results 
from stone block and brick have been uniformly 
successful and that in the case of the boulder 
pavements the results have been generally suc- 
cessful. The resurfacing over macadam has been 
of recent date, the oldest pavement having been 
laid in 1922. 

Practically all of the repair work has been 
done by the “cut out” method. Surface heaters 
have rarely been used. Prior to 1907 the re- 
pairs were made by contract, the repaired area 
being measured and payments made on a unit 
price basis. Subsequent to 1907 all repairs have 
been made by city forces. To ascertain the re- 


pair cost, the repaired area is measured and 


recorded at the time the repair is made, but the 
unit cost to be applied is determined at the end 
of the season’s work, by dividing the total ex- 
pense for the year, including labor, material, sup- 
plies, repairs to equipment and plant, a charge 
for use of plant, superintendence, etc., by the 
total yardage of repair made. This gives a unit 
cost to apply to each pavement, and a total for 
same that is not influenced by the location of the 
pavement nor its distance from the plant. A 
more rational comparison between pavements is 
thus obtained than if the actual cost of each 
particular improvement is used. 

The maintenance of all pavements in Colum- 
bus has always been under the direction of the 
chief engineer of the Service Department, the 
asphalt maintenance being in direct charge of a 
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deputy engineer. A record of asphalt mainten- 
ance has been kept for many years, the data being 
available for all improvements constructed since the 
year 1888. 

At the end of the year the repair costs of all 
pavements are recorded on cards prepared for 
the purpose, one side showing the construction 
data, and the reverse side the maintenance. The 
maintenance data consist of the area of the im- 
provement; the area repaired each year; re- 
pair cost each year; the unit cost in terms of 
total area; the cost per yard per year; and the 
total cost to date or accumulated cost. The cost 
per yard per year is really the service test of a 
pavement, and gives a more rational comparison 
between two or more pavements than if the ac- 
tual cost of each age period is used, as the latter 
is usually erratic because of the influence of 
shortage of repair funds in some years. The 
cost per yard per year is the average yearly 
cost of repairs for the period under considera- 
tion. It is obtained by dividing the total cost 
of repairs for the given number of years by the 
area of the improvement and this quotient by 
the years. For example, the total yardage of all 
asphalt pavements that have been in service 10 
years, is 660,027, and the total expenditures for 
repairs on these pavements during this ten year 
period has been $33,044. By dividing this sum 
by the yardage and then by ten we get $0.005, 
which is the cost per yard per year for ten year 
old pavements. In this manner the maintenance 
costs have been ascertained for all asphalt pave- 
ments. 

Figure 1 shows graphically the repair costs of 
all asphalt pavements in the city for all ages 
from one to thirty-six years. This is made up 
from the costs of about three hundred improve- 
ments, and is therefore the average cost, with- 
out any consideration being given to volume or 
weight of traffic. It will be noted that, except 
for a more rapid increase in cost from the tenth 








eS 


















































FIGS. 1 AND 2—COST OF ASPHALT PAVEMENTS, TOTAL AND FOR LIGHT AND HEAVY-TRAFFIC PAVEMENTS. 
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to the thirteenth year, the cost increases some- 
what uniformly each year. The increase is, how- 
ever, more rapid from the fifteenth to the twen- 
ty-fifth year than for any other ten year period. 

In figure 2 there is shown a comparison of the 
cost of repairs of light-traffic and heavy-traffic 
pavements. In the absence of data obtained by 
a traffic count, such a division is somewhat arbi- 
trary, but in explanation it may be said that in 
dividing pavements into these classes, all those 
in business sections, in railway terminal districts, 
and all thoroughfares have been considered as 
heavy traffic pavements, and all others as light 
traffic. It will be noted that the repair costs for 
the light-traffic pavements increase rather uni- 
formly up to the seventeenth year, after which 
the increase is somewhat rapid. The heavy- 
traffic pavements, however, show a marked in- 
crease in the ninth to the twelfth year; from 
the fourteenth to the eighteenth year the cost 
is less than at the twelfth year period, but in- 
creases again rather uniformly up to the thirtieth 
year. It is interesting to note that there is 
very little difference in repair costs of light and 
heavy traffic pavements after the fifteenth year. 
As would naturally be expected, however, the 
latter is in excess of‘the former at all ages. 

A study of the repair cost data has disclosed 
the fact that at certain age periods there was 
considerable difference in cost for pavements 
laid prior to 1900 as compared with the more 
modern pavements. Figure 3 shows a compar- 
ison of repair costs of all pavements laid prior 
to 1900 with those laid subsequent thereto. It 
will be observed that in the former the cost in- 
creases with the age at a fairly uniform rate. 
On the other hand the latter shows a marked 
increase in cost between the tenth and twelfth 
year; a lower cost after the thirteenth year with 
another sharp increase after the eighteenth year, 
which reaches a maximum at the twenty-first 
year. This diagram indicates a comparatively 
heavy maintenance period for modern pavements 
at approximately ten year cycles, the cost in- 
creasing with successive cycles. It also shows 


clearly that the modern asphalt pavement, sub- 
jected to modern traffic, is being maintained at 
a lower cost than those constructed at the earlier 
periods. 
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A study of the data from which these dia- 
grams were constructed has disclosed the fact 
that a surprisingly large number of pavements, 
considering each separate improvement as a unit, 
have been in service for many years before re- 
quiring any repair. As would be expected, these 
are light-trafic pavements.. For instance, of 
the one hundred and forty improvements that 
have been in service ten years with a yardage 
of 660,000, ninety, comprising a yardage of 323,- 
000, were in service for that period before re- 
quiring any maintenance. This represents forty- 
nine per cent of the yardage of ten year old 
pavements. It is clear, therefore, that the en- 
tire cost of repair for the pavements of this age 
has been expended on approximately one-third 
of the improvements and about one-half of the 
yardage. Of the expenditures made, a large per- 
centage has been on pavements where the traffic 
has been concentrated in a narrow path. On 
pavements where the traffic can spread out over 
the entire surface and not be confined to a nar- 
row path, the maintenance is moderate, even 
where the traffic is large in volume. 

Figure 4 shows graphically the yardage of 
pavements requiring no maintenance compared 
with the total yardage at various ages. As 
would be expected, the percentage decreases 
very rapidly with the increase in age. 

As was noted, the diagram showing repair 
costs for heavy-traffic pavements indicates a 
pronounced rise in cost during the earlier ages. 
The exact period when this rise occurs on an 
individual pavement is no doubt influenced by 
several factors, such as sub-soil conditions, con- 
struction details and traffic carried, and_ will 
vary in different localities. On the pavements 
under consideration it has occurred from the 
tenth to the twelfth year after construction. Fol- 
lowing this period of abnormal maintenance, 
there is quite a noticeable reduction in cost for 
several years. It should be clearly understood, 
however, that this period of heavy maintenance 
is not common to all pavements. Our records 
show, however, that it occurs on most of the 
heavy-traffic and on some light-traffic pave- 
ments. 

To illustrate this characteristic, I will cite you 
the record of a few individual pavements. An 





FIG. 3—COMPARISON OF COSTS OF PAVEMENTS LAID PRIOR AND SUBSEQUENT TO 1900. 
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important thoroughfare in Columbus, which car- 
ries a traffic of from twelve to fourteen thou- 
sand vehicles daily at the present time, was 
paved with sheet asphalt in 1911. At the age 
of eight years, the repair cost on this pavement 
was $0.008 per yard per year. At ten years of 
age it was $0.045; twelve years, $0.07, and at thir- 
teen years, $0.08. We have another thorough- 
fare in Columbus that was constructed in 1908. 
This was a brick pavement with a concrete base 
and tar filler. It receives at the present time 
traffic of about sixteen thousand vehicles daily. 
The repair cost of this pavement at eight years 
of age was $0.0008, at ten years $0.026, at twelve 
years $0.026, at fourteen years $0.07 and at six- 
teen years $0.18, the last being the peak year. 
Another pavement fifty feet in width, with a 
double-track street car line, carrying at the pres- 
ent time from ten to twelve thousand vehicles per 
day was constructed in 1912. This is a brick pave- 
ment with a concrete base and cement-filled 
joints. It was in excellent condition for an 
eight-year period, with a repair cost at that age 
of about one-tenth of a cent per yard per year; 
but during the last three or four years we have 
been obliged to give it considerable mainte- 
nance, and the cost up to January 1 this year 
has averaged 4%4 cents per yard per year. In 
fact, all of the maintenance has been done dur- 
ing the last four years. Probably the most strik- 
ing example is a sheet asphalt pavement laid 
on a portion of a thoroughfare leading to the 
east. This is a street which carries at the pres- 
ent time about twelve thousand vehicles daily, 
and was constructed on a natural cement base 
in 1890. In 1901 our record show that this road- 
way was completely resurfaced and in 1913 it 
was resurfaced for a second time, by reason of 
the fact that the asphalt had disintegrated or 
broken up on account of ground water coming 
through the foundation. In 1924 this pavement 
was entirely reconstructed as it had been again 
largely destroyed in the spring of that year, by 
water coming through the surface, destroying 
large areas, and it was considered unwise to at- 
tempt to repair or resurface same. In the re- 
construction of this pavement a number of sub- 
drains were laid and an asphalt pavement con- 
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structed on a new concrete base. This failure 
was due to an undrained sub-base and a weak 
foundation, but it is an interesting fact that, in 
spite of this bad condition, the asphalt surface 
gave satisfactory service for three successive 
periods of about eleven years each. 

On account of the fact that the period of heavy 
maintenance is not noticed in all pavements and 
that its occurrence is uncertain, this period may 
be called the critical period in the life of pave- 
ments. They may pass this period successfully 
by reason of light traffic or other favorable con- 
ditions, or they may develop a weakness before 
this time by reason of some abnormal condition, 
but the diagrams seem to indicate that defects, 
either in sub-base, foundation or wearing sur- 
face, do not necessarily develop until this critical 
period, and we should not form any definite con- 
clusion as to the merits of a pavement until 
this critical period has been passed. 

As indicated by the diagram, the average 
heavy-traffic pavement after passing this critical 
period continues to render service at a less repair 
cost for another period of from ten to twelve 
years, after which the repair cost reaches a new 
maximum. One of the important facts developed 
from these data is that the maintenance cost 
is moderate for asphalt pavements at all ages, 
even those thirty to thirty-five years of age, 
the average cost at the later age being equivalent 
to about $425 per mile per year for a pavement 
eighteen feet wide. 

A section of Bryden Rd. was paved with as- 
phalt in 1888. The maintenance cost on this 
pavement has averaged 3.2 cents per square yard 
per year for the period of its life, which is equiv- 
alent to a cost for upkeep of $338 per mile per 
year for a roadway eighteen feet wide. The 
surface of this pavement, while worn to a thick- 
ness of three quarters of an inch or less, is in 
good condition and carries at the present time 
a traffic amounting to 7,350 vehicles in a twenty- 
four-hour day, 15% of which consists of com- 
mercial cars. 

It should be understood that the repair costs 
outlined herein cover the maintenance of all as- 
phalt pavements in the city. It includes those 
constructed from 25 to 35 years ago as well as 
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those in more recent years; those with a founda- 
tion of natural cement concrete as well as those 
with the modern Portland cement concrete base. 
It also includes about 195,000 square yards of 
asphalt surface laid over old boulder and worn 
out brick pavements. In other words, these are 
average figures and represent average results 
obtained from various types of construcion and 
under such traffic conditions as have been com- 
mon to our cities during the past generation. 
A few of the older pavements are not as smooth 
as the demands of motor traffic require, but most 
of them even at 20 to 35 years of age are carry- 
ing present-day traffic in a manner satisfactory 
to the motor riding public. 
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Earth and Gravel Roads Bibliography 

The Engineering Societies Library, comprising 
the libraries of the American Societies of Civil 
and Mechanical Engineers, the American In- 
stitutes of Electrical and of Mining and Metal- 
lurgical Engineers, and the United Engineering 
Society, has prepared a bibliography (S. 4085) 
of books and articles on earth and gravel roads 
published between January, 1920, and June, 1925, 
which contains 140 references with brief annota- 
tions. Mimeographed copies may be obtained 
for $1.50 each by writing to the Engineering 
Societies’ Library, 29 West 39th Street, New 
York City. 





Some Features of Filter Design 





Suggestions, based on many years of designing and operating experience, 

for designing mixing basins, coagulating basins, pipe galleries, filters, and 

various plant appurtenances. Remarks concerning use of concrete in such 
structures. 





Many practical suggestions for designers of 
water filtration plants, both large and small, were 
given by James W. Armstrong, filtration en- 
gineer of the Bureau of Water Supply of Balti- 
more, in a paper with the above title read before 
the New England Water Works Association at 
its recent convention. The more important fea- 
tures of the paper are given in the following 
paragraphs. 

Many features of the filter plant cannot be de- 
signed for optimum service without an intimate 
knowledge of the character of the water to be 
treated. Some features that need special study 
with reference to the character of the water are 
the grit chambers, mixing chamber, coagulating 
basins, size of sand grains, and the application 
of chemicals. 

The purification process may sometimes be 
greatly simplified and cheapened by control of 
the watershed, as by preventing erosion of clayey 
soils by planting trees, shrubs or grass around 
the reservoir. If a large impounding reservoir 
can be created, there generally results a great re- 
duction in the number of bacteria, especially 
those of the colon variety, and in turbidity. The 
use of the Loch Raven (Baltimore) reservoir 
has reduced maximum bacteria counts from 80,- 
000 to 13,000 per c.c., and the maximum turbidity 
from 5,000 to 200. In addition, the maximum 
temperature is 6° lower, and the coagulating 
basins are cleaned only once a year instead of 
two or three times. 

MIXING BASINS 

The importance of properly mixing chemicals 
with the water in such a way as to secure the 
best floc with the least use of coagulant, has 
been more and more recognized of late. Yet 
there is probably no problem in connection with 
the filtration of water that has been the subject 
of more controversy, unless it be the subject of 


filter strainer systems. Many of the smaller 
plants have no mixing basins at all and seem to 
get fairly good results, but I believe at an ex- 
cessive cost for chemicals. 

Laboratory experiments indicate that, in order 
to secure the best results, the water should be 
violently agitated immediately on application of 
the coagulant; afterward the agitation may be 
reduced and excellent results obtained; but if 
the process is reversed and the coagulant be ap- 
plied to water that is moving very slowly and 
with little agitation and is afterwards agitated, 
no matter how violently, poor or very indifferent 
results follow. 

Possibly mixing basins of the future may com- 
bine mechanical agitation with the baffled type 
of basin. In small plants especially, mechanical 
agitation might be cheaply and satisfactorily 
used, 

In the common type of mixing basin with 
around-the-end type of baffles, there is a distinct 
gain in the subsiding value of the water at each 
succeeding turn. At Montebello a sample of 
water taken at the first bend will require 7 or 8 
hours to settle sufficiently for filtration, while a 
sample taken at the 13th bend will settle in less 
than two hours. The values of the bends up to 
the 5th seem to be nearly equal, but beyond this 
the values decrease slightly. 

It is reported that excellent results have been 
secured at Sacramento by several circular mixing 
basins, where the water flows from one to the 
other and is agitated in each by revolving pad- 
dles. The hydraulic jump as advocated by Mr. 
Ellms may give splendid results with many 
waters, but should be supplemented by additiona! 
mixing if the best results are to be secured. 

COAGULATING BASINS 

The ideal coagulating basin is one in which 

the water enters in a thin sheet at the top of one 
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end, moves uniformly and slowly across the 
basin, and is withdrawn over a weir at the other 
end. Such a basin is seldom found because of 
construction features and difficulty of obtaining 
complete weir action at the outlet. At Monte- 
bello the greatest mud deposits are against the 
baffle on the incoming side and against the outer 
wall on the outgoing side and in the corners, 
where the flow is sluggish. 

In an endeavor to secure a more uniform flow 
and consequently a more uniform deposit of 
sediment throughout the basin, some submerged 
cross baffles were built in one of the basins. The 
design of the baffles was predicated upon two 
assumptions. If the flow of water could be con- 
fined to a thin sheet at the surface, the velocity 
across the basin would be more uniform, and as 
the water in the lower part of thé basin would 
be undisturbed, there would be nothing to hinder 
the settlement of floc. It is a matter of common 
observation that when flowing water meets an 
obstruction such as a submerged baffle, there is 
a tendency to pick up sediment and carry it over 
the top. In order to prevent sediment from 
passing the baffle, it was capped with a top made 
in the shape of a parabola and extending two feet 
in front. 

It was reasoned from the well-known charac- 
teristic of a parabola to reflect light in parallel 
lines, that sediment in the rising current of water 
would, upon striking the parabola, be thrown 
downward and deposited instead of being car- 
ried over into the next compartment. In order 
to give a positive outward sweep to the water 
entering the basin and prevent returning under 
currents, a wooden apron about two feet wide 
was built along the top of the entrance baffle. 
The building of this baffle added greatly to the 
value of the basin, as the mud: was deposited 
much more uniformly than formerly and imme- 
diately after pasing the cross baffle there was 
a marked decrease in the depth of the mud. Cross 
baffles in coagulating basins would be most ef- 
fective with waters carrying considerable sedi- 
ment, but would be of doubtful value with waters 
of turbidities less than 25. 

For cleaning basins a flushing system is en- 
tirely satisfactory in most plants, and basins as 
large as those at Baltimore, which hold thous- 
ands of cubic yards of sludge, can be cleaned in 
36 hours. 

Convenient hose connections should be pro- 
vided, permitting men to work with a minimum 
length of fire hose. Hose streams often do not 
supply sufficient volume of water and larger 
pipe lines supplying raw water for carrying the 
sludge to the drains will greatly facilitate the 
cleaning. With proper flushing devices, a single 
gutter in the center of an ordinary reservoir 
will prove satisfactory if the floors and gutters 
slope sufficiently to give a carrying velocity. 
PIPE GALLERIES 


The crowding of pipes and valves into the pipe 
gallery ordinarily found in filter plants makes 
the place inaccessible and consequently neglected 
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by the employees. In the plant under construc- 
tion at Montebello, the pipe gallery is unusually 
free from obstructions. Concrete conduits and 
compartments have, in most cases, replaced 
special castings. The controllers are in a pit 
connecting two concrete compartments, one 
opening into the filters and the other into a 
filter effluent conduit. 


FILTERS 


In small plants it is generally possible to satis- 
factorily operate the filters by means of valves 
controlled by hand wheels, and in such plants, 
especially where little money is available, it 
would be unwise to use hydraulic valves and 
operating tables. 

In earlier plants, wash water gutters dis- 
charged into a central gutter but it was found 
that this in reality gave two separate filters reg- 
ulated by a single controller. In order to insure 
the proper and uniform hydraulic grading of the 
sand in a filter unit there should be no division 
whatever in the sand area. In a small plant 
there is no need of a central gutter, and in such 
plant a large filter unit should not be constructed, 
as too large a percentage of plant capacity 
would be put out of service when a unit is being 
washed. 

Concerning the matter of filter bottoms, Mr. 
Armstrong believes that there is probably no 
type of strainer system in use which, if properly 
designed, will not give satisfactory results. 
With the perforated pipe system the rusting of 
the pipe and the enlargement of the holes must 
be counted on. He believes that the slat bottom 
filters are the most economical and that there 
is no value whatever in the so-called strainer 
system with restricted orifices, except to insure 
proper distribution of wash water through the 
channels or pipe manifold. 

Specifications for filter sand should be pre- 
pared for the conditions found at each plant. A 
water high in turbidity or inorganic matter will 
require a rather coarse sand of 0.5 to 0.8 milli- 
meter diameter, whereas, if the water is com- 
paratively clear and free from organic matter, 
a much finer sand is desirable. For mechanical 
filters it is believed that the term “effective size” 
is rather misleading because after washing, filter 
sand becomes hydraulically graded, the fine sand 
remaining on the top and the coarse settling to 
the bottom. The effective size therefore is in 
reality that of the sand directly on the top. These 
conditions indicate that if an optimum size of 
sand can once be determined for a given plant, 
the sand should be as nearly this size from top 
to bottom as it is possible to secure. A two-foot 
depth of sand should be enough for any filter and, 
if the right size is used, good results can be 
secured with a less depth. 

It is usually desirable to provide separate 
pumps for washing filters, as the draft on the 
high-pressure lines is too great in most cases. 
Wash-water tanks, if used, should be placed as 
near the center of the filters as possible. 

In small plants, it is wise to handle chemicals 
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in barrels or bags as the cost of special machin- 
ery for handling them would be unwarranted. 
In large plants, however, such practice would 
become a nuisance and provision should be made 
for using chemicals in bulk to be received in 
carload lots. Probably the best and the cheap- 
est way of lifting chemicals is by means of a 
bucket elevator, which necessitates overhead 
storage bins. For the most economical opera- 
tion of a large plant there should be no manual 
labor in connection with handling chemicals, but 
after first being received at the plant, all hand- 
ling should be done mechanically. Probably no 
chemical feed regulators are free from trouble. 
In plants that use solutions, the corroding and 
choking of pipes and orifices are a source of end- 
less trouble. Dry feed devices also have their 
peculiar problems. Use of solutions seems to 
permit of greater accuracy of control, a factor 
especially desirable in large plants where slight 
variations involve large sums of money. 

Plants which are manufacturing their own 
alum seem to be well pleased with results ob- 
tained. Most medium or large sized plants have 
an organization adequate for making alum with- 
out additional help, and labor, overhead, profit, 
and the additional weight of chemicals due to the 
water of crystallization and the freight thereon, 
which would be included in a purchased article, 
may be eliminated. In a well designed alum plant 
it requires no more labor to manufacture alum 
than to mix and control chemical solutions. 

PLANT APPURTENANCES 


Mr. Armstrong referred to the use of a poten- 
tiometer for recording hydrogen ion concentra- 
tion of water which had recently been brought to 
a satisfactory state of perfection by the Leeds- 
Northrup Co. of Philadelphia working in con- 
junction with John R. Bayliss, principal sanitary 
chemist of the Baltimore Filtration Plant. This 
instrument, he says, is accurate within 1/24 of a 
pH and has been used at Montebello for some 
time for determining the amount of lime to be 
added to the water. It operates red and white 
lights which inform the attendants whether lime 
is being applied at the desired rate. The turbi- 
dimeter used at Montebello and designed by Mr. 
Bayliss has been described in PUBLIC WORKS. 
(See issue of October 12, 1924). This gives tur- 
bidities accurately to within 1/10 of a part per 
million. In many plants turbidities are reported 
at zero when in all probability they are as high 
as one or more. The author also described the 
sight glass for determining the clarity of a filter 
effluent, which was described in the January 7, 
1922, issue of PUBLIC WORKS. - 

SOME PRINCIPLES OF DESIGN 


A fundamental principle of filter plant design 
is to make it as easy as possible for an operator 
to do the thing you want him to do, and as hard 
as possible for him to do the thing that you do 
not want him to do. Automatic devices in:many 
cases are very desirable, as they can do what no 
man can do, but they should be so associated with 
plant operation as to require frequent watching. 
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Mechanical devices should be the simplest that 
can be designed to do the work. Crude devices 
are often very satisfactory. 

Cut out all machinery possible, as everything 
mechanical sooner or later needs repair, and the 
repairs increase as time goes on. 

Access to all machinery, piping, valves and 
wiring is a great virtue in the eyes of the 
mechanics responsible for the maintenance of a 
plant. 

Chemicals should be mixed and controlled as 
near the point of application as possible and open 
— should replace chemical piping if pos- 
sible. 

Beauty often costs no more than ugliness, and 
in a group of buildings beauty can often be 
secured by a proper arranging and massing of 
materials. The ultimate appearance of things 
should be in the mind of the designer from the 
inception of his work. 

Economy of construction and ease in operation 
rest with a compactly built plant. Large savings 
can sometimes be made by making one wall do 
for two structures. 

If filters are built directly over the filtered 
water basins, the columns and roof of the basin 
have to be very much heavier in order to carry 
the weight of the filters, thus generally increas- 
ing the cost. Separation of filters and basin will 
generally result in economy of construction. 

When reservoirs are built in excavation, it will 
be cheaper to slope the sides and pave them 
with concrete than to build them with either re- 
inforced or gravity walls. 

Wherever structures are to be always entirely 
submerged in water, wood may be substituted 
safely for concrete. Mixing-basin baffles of 
wood are much cheaper than of concrete and, in 
addition, changes can be made more readily and 
cheaply. 

CONCRETE 


One section of the paper was devoted to dis- 
cussing the difficulties experienced with concrete 
as a construction material. In Montebello and. 
in other plants it has been found that after a few 
years of service certain parts of the concrete 
begin to disintegrate and Mr. Armstrong be- 
lieved that the factors of quality of sand and im- 
perviousness of concrete were not considered 
sufficiently. Disintegration of concrete may 
sometimes be due to the use of local sand con- 
taining impurities of an organic nature that are 
entirely overlooked. A slight seepage of water 
through the concrete walls has often been re- 
garded as of little significance, but recent ob- 
servations seem to indicate that concrete struc- 
tures through which water is seeping will ulti- 
mately fail all together, particularly in places 
subject to frost action. The calcium compounds 
are soluble in the presence of most waters. Even 
calcium carbonate is soluble in waters whose pH 
value is below the solubility equilibrium. Any 
water whose pH value is less than 7.5 and whose 
alkalinity is less than 100 will dissolve calcium 

(Continued on page 424) 
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carbonate. When the calcium compounds are be- 
ing dissolved, this usually is indicated by white 
efflorescence on the surface of the concrete, al- 
though when the concrete is submerged this is not 
evident. In addition, the aluminum compounds are 
slowly and gradually dissolved. The leaching out 
of these chemical compounds robs the concrete 
of its strength and makes it very susceptible to 
the distintegrating action of frost. At Monte- 
bello the concrete at first appeared to be of very 
excellent quality, but after 4 few years, eac 

succeeding winter Saw increased spalling of the 
concrete and at the present time some O the 
baffle walls have become completely disinte- 
grated near the water surface, while others are 
apparently in good condition. This danger © 

disintegration of concrete should warn designers 
not to adhere too closely to theoretical dimen- 
sions in designing concrete walls and other 


structures. 


catenin 
California Water Breaks Abolished 


On the roads crossing the Sierras, most © 
which are unsurfaced, it has been the practice 
to construct what is known as water breaks 
(similar to New England “¢hank-you-ma'am s”) 
for diverting the surface flow at intervals to the 
side of the road. As built in the high Sierras: 
these were formidable objects, being constructe 


mound of earth, which, when compacted, formed 
a ridge 12 to 15 inches high. The chief purpose 
of this was to serve, when the snow began to 


melt in the spring, to divert the watet flowing 


under the snow to the gutters OF lower side of 
the embankment, to prevent the wearing of deep 
longitudinal gullies in the surface of the road. 

Following the construction of two as an ex 
periment last year, about 270 water breaks were 
replaced this year by slat-top wooden culverts. 


These are ordinary wooden box culverts, the top 


of which consists of three or four 4x4-inc 
timbers placed one inch apart longitudinally to 
the culvert Of diagonally to the road, the top 
ush with the road surface. hese 
serve to carry the gutter drainage from one side 
he other and also to intercept the 
surface flow and conduct it to the lower €” oO 
the culvert. The top is removable to permit 
cleaning the culvert. The cost of 4 culvert is 
little more than that of constructing and remov~- 


ing a water preak, while they offer little ap- 


preciable interference with the comfort of travel. 


eine 
Wisconsin Road School 


The Wisconsin Highway Commission an" 
nounces that the 15th annual road school of the 
Wisconsin County Highway Commissioners As- 
sociation will be held at the State Capitol from 
January 25 to 29, and not from February 

sly announced, because of the fact 


12 as previou 1 
that other conventions are to be held in Madison 


during the latter week. 














